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1.0 INTRODUCTION

(^ 1.1 QAPP DISTRIBUTION

This is a Site-Specific Quality Assurance Project Plan (QAPP) for the
assessment of the former InteliData Property. In addition to Environmental
Resources Management personnel, the following people will receive copies of
the approved QAPP and any subsequent revisions:

Joshua Creem, Corillian
Andrew N. Davis, Esq., LeBoeuf, Lamb, Greene & MacRae, LLP
Laurie R. Steinberg, LeBoeuf, Lamb, Greene & MacRae, LLP
Diane Duva, Connecticut Department of Environmental Protection
Stephanie Carr, US EPA RCRA Corrective Action
Hanibal Tayeh, Spectrum Analytical, Inc.
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c 1.2 PROJECT ORGANIZATION AND RESPONSIBILITY

The following project organization chart lists the roles and lines of
communication among those individuals participating in this project.

Joshua Creem
Lead Organization

Corillian
503-629-3786

Andrew Davis/Laurie
Steinberg

Outside Legal Counsel
LLGM, LLP
860-293-3500

Kevin P. King, LEP
Principal

ERM - New England, Inc.
860-466-8524

Robert Drake, LEP, PE, PhD
QA Manager/Project Manager

ERM - New England, Inc.
860-466-8500

Diane Duva
Connecticut Department of
Environmental Protection

860-424-3271

Stephanie Carr
RCRA Corrective Action Officer

United States Environmental
Protection Agency

617-918-1363

Jason Fernet, PE
Field Team Leader

ERM - New England, Inc.
860-466-8500

Andrew Coenen
Data Validator

ERM - New England, Inc.
631-756-8900

Hanibal C. Tayeh, PhD
Spectrum Analytical, Inc.

Analytical Laboratory Director
413-789-9018

C
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Project Responsibilities are outlined as follows:
,,,,-v

V,,̂ . Principal: Kevin King, an ERM Principal-In-Charge, has the overall
responsibility of ensuring that ERM conducts this project in a manner that is
consistent with ERM's internal standards and the associated lead
organization, counsel, and stakeholder expectations. Principal-In-Charge
responsibilities include review of final deliverables and data presentations,
prior to issuance.

Lead Organization: Corillian, the lead organization, is the Certifying Party as
defined under the Connecticut Transfer Act (CTA) and therefore, is
responsible for performing the investigation and remediation efforts for the
site. The lead organization maintains a separate agreement with the current
owners to provide site access and land use restrictions for the Site.

Outside Legal Counsel: LeBoeuf,, Lamb, Greene & MacRae, LLP (LLGM) will
provide legal counsel to the lead organization regarding activities, including
environmental investigation and remediation, associated with the Site.

Consulting Stakeholder/Regulatory Review: The site is currently assigned to
the Licensed Environmental Professional (LEP) program for investigation and
remediation under the CT Remediation Standard Regulations (RSRs). Robert
Drake, PE, PhD, LEP is the LEP overseeing the investigation and remediation
of the Site. However, the Connecticut Department of Environmental

i^w- Protection (CT DEP) reserves the right to reclaim oversight and/or review
final verification of the site work. For this reason, the CT DEP is being
included as a consulting stakeholder. The Site is also engaged in the US
Environmental Protection Agency (US EPA) Resource Conservation and
Recovery Act (RCRA) Corrective Action (CA) program, which was previously
overseen directly by the US EPA Region I. Recently, the CT DEP assumed
oversight of the RCRA CA program site work, with the US EPA providing
historical knowledge and technical support. For these reasons, the US EPA is
also included as a consulting stakeholder.

Consulting stakeholder responsibilities include review, assessment, and/or
approvals (where appropriate) of activities related to the site investigation and
remediation. Consulting stakeholders are also expected to provide comments
and concerns to the lead organization via legal counsel, program manager,
and/or project manager.

Project Manager: Robert Drake, the project manager and a Connecticut
Licensed Environmental Professional (LEP), is assigned the responsibility of
assessing and verifying that site investigation and remediation is conducted in
accordance with the CT RSRs, as well as the RCRA CA program. The project
manager also has overall responsibility for implementation of the project.

f These duties include delegation of project work and reporting directly to the
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Principal, Lead Organization, and /or Consulting Stakeholders, as
appropriate.

Quality Assurance (QA) Manager: The quality assurance manager is
responsible for ensuring the implementation of all activities which apply to
field sampling, sampling preparation and transfer, testing, monitoring, and
analyses performed for the project duration are performed in accordance with
this QAPP. The QA manager will conduct field performance audits on-site, as
well as periodic project management reviews to ensure that communications
remain open and data quality objectives are being met. If data quality
objectives are not being met, the QA manager will request and designate
corrective actions. The QA manager is the formal contact for the analytical
laboratory, and will coordinate data validation prior to client/lead
organization submittal.

Field Team Leader: The field team leader is responsible for coordinating field
efforts, ensuring that all field work conducted during this project is completed
in accordance with this QAPP, and that any field modifications to the QAPP
required by unanticipated conditions are appropriate and well documented.

Data Validator: The data validator is responsible for reviewing all laboratory
data deliverables from the Connecticut certified analytical laboratory,
Spectrum Analytical, Inc., for accuracy and precision, in a Tier II-type data
validation process. The data validation process will be in general
conformance with the Region I EPA-NE Data Validation Functional Guidelines
(1996).

Analytical Laboratory Director: The analytical laboratory director is
responsible for ensuring the reliability of laboratory data collected. It is the
Analytical Laboratory Director's responsibility to ensure that all analytical
tasks are performed in accordance with Method specifications and laboratory
quality assurance/quality control (QA/QC) procedures, such that only data of
the highest attainable quality is produced. It is also the laboratory director's
responsibility to ensure that all laboratory analyses are completed in
compliance with the project data acceptance criteria, project schedules, and
project budgets.

1.3 PROBLEM DEFINITION

1.3.1 Background

The site consists of a single story building located on approximately an eight-
acre parcel on Pickett District Road in New Milford, Connecticut (see Figure
1). The majority of the site is covered by the building and paved parking areas
located on the northern and southern ends of the building. The property is
bordered by the Kimberly Clark Corporation to the north and west, the
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Neeltran, Inc. facility to the east, and the New Milford Animal Welfare facility
to the south. The Housatonic River, the nearest surface water body, is located
approximately 800 feet to the east of the site.

The site was developed in 1963. From 1964 until 1983, the site was owned and
occupied by Burndy Corporation (Burndy), which conducted a metal plating
operation. Burndy operated a RCRA-regulated surface impoundment for
plating wastewater disposal. This unit (along with associated sludge drying
beds) was "clean closed" under a Connecticut Department of Environmental
Protection (CT DEP) approved closure plan in the late 1980s.

The site was purchased by CEE Associates Limited Partnership (CEE), a
wholly owned subsidiary of InteliData, in 1983. A number of tenants
conducted operations at the site during CEE's ownership. Diventco
Corporation (Diventco), a manufacturer of printed circuit boards (SIC-3679),
moved its operations to the site in late 1983, and maintained an electroplating
operation in the southern portion of the site building until 1993. Diventco also
conducted dry film processing at the site to apply photographic images to the
circuit boards. Colonial Data Services Corp. (CDSC) occupied the northern
portion of the site building during roughly the same time period and operated
a telephone equipment repair service at the site. CDSC vacated the site in
1995.

InteliData Technologies Corporation (InteliData) leased space from CEE from
s>*~' 1996 until 1999. InteliData used the building for warehousing, assembly and

distribution of electronic communication products (SIC-#4225). No hazardous
materials were used by InteliData during its occupancy. Petroleum and
hazardous materials used by Burndy, Diventco, and CSDC are further
identified in detail in discussions relating to site-specific contaminants of
concern (COCs) later in this section of the QAPP.

In January 2000, a Connecticut Transfer Act (CTA) Form HI and
accompanying Environmental Condition Assessment Form (ECAF) were
submitted to the CT DEP by CEE in accordance with the requirements of
Connecticut General Statutes (C.G.S.) 22a-134 through 22a-134d, as amended
(the CTA), subsequent to the transfer of the property located at 80 Pickett
District Road, New Milford, Connecticut from CEE to Edelman Limited
Partnership. Edelman presently occupies the Site, which is used primarily for
the storage of leather hides.

1.3.2 Regulatory Framework

Subsequent to the January 2000 property transfer and CT DEP filing, the
following events occurred:
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• CT DEP notified CEE that: a Licensed Environmental Professional (LEP)
,-—• was authorized to provide verification that the site had been
N^ investigated and remediated in accordance with the RSRs (March 1,

2000)

• ERM was selected to provide the above-described LEP services (March
2000)

• A schedule was submitted to the CT DEP describing the proposed
timetable for investigation and remediation of the property (March 20,
2000).

The site is currently owned by Edelman Limited Partnership. In 2005,
Corillian Corp. acquired the former owner, InteliData.

The property is located in an area classified by the CT DEP as a "GB"
groundwater area, meaning that groundwater may not be suitable for human
consumption without treatment due to waste discharges, spills or leaks of
chemicals or industrial land use impacts. Additionally, the site is located
within a commercially-zoned area as noted above. Consistent with that
zoning and an agreement between Corillian and the current property owner,
Edelman, the use of the property will be consistent with
commercial/industrial activities as defined under the RSRs.

v^ , Considering the overall characteristics of the site, the following RSR criteria
are applicable to the site characterization and remediation efforts and have
been established as action limits for this project:

• Site soils have been evaluated relative to the Pollutant Mobility Criteria for
GB areas (GB PMC), and Residential Direct Exposure Criteria (RDEC) with
Industrial/Commercial DEC (I/C DEC) possible in specific circumstances;
and

• Site ground water will be evaluated relative to the Proposed Residential
and Industrial/Commercial Volatilization Criteria (RVC and I/C VC) for
ground water and the Surface Water Protection Criteria (SWPC). It should
be noted that these criteria apply to the entire plume, including those
portions (if any) which may extend off-site.

• Site soil gas will be evaluated relative to the Proposed RVC and I/C VC for
soil vapor. It should be noted that these criteria only apply to soil vapor
beneath buildings.
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1.3.3 Previously Collected Data

Because the efforts presented in this QAPP need to satisfy the requirements of
the RSRs, the evaluation of existing data and the development of the QAPP
has been prepared based on the CT DEP's Draft Site Characterization Guidance
Document and is in general conformance with the draft Connecticut DEP
Reasonable Confidence Protocols for laboratory quality assurance and quality
control. The Conceptual Site Model (CSM) process is a critical facet of the CT
DEP guidance, and this scientific process will be followed in the
implementation of this QAPP.

The following Areas of Concern (AOCs), depicted on Figure 2, have been
identified at the site:

Areas of Concern/Constituents of Concerns

AOC-ID

1

2

3

4

5

6

AOC
Description

Septic System

Former
Wastewater
Lagoon

Former Sludge
Drying Beds

Former
Hazardous
Waste Storage
Area

Former Plating
Area

Former Fuel Oil
underground
storage tank
(UST)

Location

Eastern portion of the
site

Southeastern corner of
the site along Pickett
District Road

Southwestern portion
of the site

Off southwestern
corner of site building

12,000 Square foot area
in southern portion of
building

Off the southeast
corner of the building

RationaiyCOCs

Receives water from all operational and sanitary
facilities at the site/COCs include Chlorinated
Volatile Organic Compounds (CVOCs)

Was an unlined lagoon that received treated
wastewater from electroplating operations/COCs
include metals, cyanide (CM), and Volatile Organic
Compounds (VOCs)
AOC previously remediated under RCRA
Received sludge generated from onsite wastewater
treatment system until the use was ceased in March
1982/COCs include metals, CN, and VOCs
AOC previously remediated under RCRA

Stored hazardous waste and location of two former
concrete vaults, one containing -300 gallons of
solvent contaminated waste oil/ COCs include
VOCs, total petroleum hydrocarbons (TPH), and
poly aromatic hydrocarbons (PAHs)
Plating operations performed in this area/COCs
include RCRA 8 metals, cyanide, and VOCs

10,000 gallon fuel oil UST/COCs include TPH and
petroleum related VOCs
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AOC-ID

7

8

9

10

AOC
Description

Site
Groundwater

Transformer

Loading Docks

Former
Wastewater
Transfer
Pipelines

Location

Overburden and
bedrock aquifer in
south-central portion of
site

Southwestern comer of
the building on the
western wall

Two on south side of
building and one on
the north side

Two lines located on
the south side of the
site

RationaVCOCs

Two overburden GW plumes have been identified at
the Site. One extends in a narrow band from just
east of AOC-4 in an easterly direction to the
property boundary and the other extends from the
north-central portion of the building in a
southwesterly direction, where it eventually
commingles with the other plume before extending
offsite. The bedrock along southeastern portion of
the site is contaminated with CVOCs as well as the
former production well along the northern edge of
the site. A small plume in the overburden is also
present along the northern edge of the site adjacent
to the former production well/COCs include VOCs,
CN, and metals
Transformer contains polychlorinated biphenyls
(PCBs)/COCs include PCBs and TPH

Stormwater off the south side loading docks is
diverted to a drywell and the north side loading
dock is served by a drywell located within the dock
itself/COCs include VOCs, TPH, and RCRA 8
metals
These pipelines were once used to transport
materials to the former wastewater lagoon (AOC-2)
and the former sludge drying beds (AOC-3)/COCs
include VOCs, TPH, CN, RCRA 8 metals

1.3.3.1 Investigation

The following project tasks related to these AOCs have already been
completed or initiated. The associated dates of initiation and completion are
presented in the table below.

Completed Project Activities Schedule Timeline

Activity

Submit Schedule for Investigation
and Remediation to CT DEP

Perform Site Investigation

Provide Public Notice of Proposed
Remediation

Receive Public Comments (30
days)

Address Public Comments, if any

Proposed Completion Date

April I, 2000

by March 1, 2002

by December 1,2002

by January 1, 2003

by March 1, 2003

Actual
Completion

Date
March 20, 2000

October 10,
2001

November 10,
2001

Comment

95% complete to date,
with only off-site
overburden and bedrock
groundwater
investigation remaining

No comments received
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Activity

Commence Remediation

Submit technical plans and reports
prepared pursuant to the
investigation/remediation
activities to CT DEP annually

Proposed Completion Date

by March 1, 2003

Yearly

Actual
Completion

Date
Remediation
commenced on
December 20,
2001

Comment

Began remediation of
AOC-4, additional
remediation still yet to
be completed in AOCs -
4,5,7,8, and 9
Submitted annually as
required since 2001

As indicated above, approximately 95% of the site investigation activities for
the 80 Pickett District Road site have been performed. The results of these
investigation activities have been used to prepare the CSM for the site. The
critical information provided by these investigations is listed below:

• A number of areas of concern (AOCs) were identified on the site, including
a former hazardous waste storage area, former plating area, former
hazardous waste disposal lagoon/sludge drying beds, an on-site septic
system, and a transformer near the southeast portion of the building;

• A release of VOCs and petroleum has occurred, with the highest
documented levels of VOCs in soil and overburden and bedrock
groundwater contamination along the south side of the building;

• A soil gas survey conducted within the site building in and around AOC-5
identified a release area of VOCs beneath the building;

• A vault discovered beneath the former hazardous waste storage area
appears to be a likely source of some of the observed VOC and petroleum
hydrocarbon contamination on that portion of the site;

• VOC contamination in groundwater at the 71 Pickett District Road
property (directly across Pickett District Road, and hydraulically down-
gradient of the site) has been reported since 1994, possibly suggesting a
continuous plume originating from the site; and

• The general hydrogeology of the overburden aquifer has been described,
including a description of the encountered materials, depth to bedrock (in
some locations), and direction and gradient of subsurface groundwater
flow.

Additional efforts performed by ERM to further delineate the extent of
contamination in soil and ground water on the site have included:

• Installation of bedrock monitoring wells, with geophysical evaluation of
the formation, groundwater sample collection and analysis, and
performance of a (single day) pump test to assess likely contaminant
transport pathways;
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• Performance of an extensive soil gas survey beneath the existing building
to assess the potential for additional release areas, and possible
remediation activities to assess potential VOC vapor concentrations
beneath the slab;

• Installation of additional on-site monitoring wells to better delineate the
contaminant plume in the overburden aquifer; and

• Collection of additional soil samples to investigate all of the AOCs and to
further assess the extent of contamination associated with identified
releases.

Refer to the Figures (Appendix A, Figures 1-4) and historical site investigation
summary tables (Appendix B) attached to this QAPP for results of the above-
referenced investigation activities.

2.3.3.2 Remedial Activities

Remediation commenced on December 10,2001 with the excavation and off-
site disposal of approximately 130 cubic yards of VOC and petroleum
hydrocarbon contaminated soil from AOC-4 (Former Hazardous Waste
Storage Area). In addition to the soil removal, approximately 300 gallons of
waste oil containing solvents was removed from the former vault located just
to the outside of the former hazardous waste storage shed (VT-2). Vaults V-2
and V-3 (located beneath the former hazardous waste storage shed) were
removed and disposed of with the soil. A portion of the smear zone
emanating from VT-2 was left it place due to soil conditions (loosely packed
medium to coarse sands) and structural constraints (undermining of the
building foundations). Refer to Summary Report and Phase III Work Plan
prepared by ERM and dated June 2002 for a detailed discussion of the results
of the above-referenced remediation.

In order to address the remaining smear zone ERM conducted an oxidant
addition pilot study using potassium permanganate on January 14,2003. A
liquid solution consisting of 110 kg of potassium permanganate was injected
into the subsurface via gravity feed through INJ-3 located within the former
hazardous waste storage shed. Prior to and following the injection of
permanganate groundwater samples were collected from monitoring wells
ERM-7, INJ-1, and INJ-2 to assess the effectiveness of the oxidant.

The results of the study can be summarized as follows:

• At all sampling points, the concentrations of VOCs (variably) increased
until March 6, when a significant decrease was noted for all VOCs, which
continued into May, when study sampling ceased;

ERM 1-10 Corillian/0037300/0016718/QAPP-final-revl.DOC



• Field data indicated dissolved oxygen, oxidation reduction potential
(ORP), and specific conductance were at their maximum values during the
March 6 and March 26 sampling events at INJ-1 and ERM-7;

• Other than the injection point, no visual evidence of potassium
permanganate (purple or otherwise discolored ground water) or
significant changes in turbidity were detected in any of the monitoring
points; and

• No significant variation in potassium or manganese concentrations was
noted throughout the duration of the study at any sampling location.

Based on these results, the use of potassium permanganate to treat VOCs in
groundwater at the site was shown to be feasible. Target VOCs were reduced
in concentrations by 42 - 89% within a four-month period. Refer to the Annual
Report of Status of Remediation prepared by ERM and dated September 2003 for
details of the above-referenced pilot study.

Although the above-referenced pilot study demonstrated that the use of
oxidant in this setting was feasible, further remediation of this area and of the
site groundwater (AOC-7) will be achieved using a Soil Vapor Extraction
(SVE)/Air Sparge (AS) system. The decision was based on a cost benefit
analysis, which demonstrated SVE/AS as the more comprehensive (and cost
effective) method when compared to oxidant injection. This was based
primarily on the discovery of additional areas of VOC-affected ground water
beneath the entire facility, rather than the limited areas as was suggested by
earlier investigation efforts, and the likely presence of VOCs in soils above the
water table.
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2.0 PROJECT DESCRIPTION

The project consists of remediation and monitoring activities. Remedial
options for the PCB-impacted soil in AOC 8 are under evaluation, and are not
included in this QAPP, as this effort is anticipated to be performed by others
(CL&P). A soil vapor extraction/air sparge (SVE/AS) system has been
installed in order to address VOC contamination in AOCs 4,5, 7 and 9. This
QAPP applies to proposed soil vapor and ground water monitoring activities
associated with the SVE/AS system. The proposed schedule for these
activities is summarized below.

Remaining Project Activities Schedule Timeline

Activity

Operation, Maintenance, and
Evaluation of Soil Vapor
Extraction /Air Sparge Remedial
System (including initial ground
water and soil vapor sampling)

RSR Compliance Ground Water
Monitoring

RSR Post-Remedial Ground Water
Monitoring

Post-Remedial Soil Vapor
Monitoring

Proposed Completion Date

March 2008

March 2009

March 2010

March 2010

Comment

System installed December 2005-
February 2006
7 soil vapor points and effluent to be
sampled for 2 years, starting in March
2006
4 ground water monitoring wells to be
monitored semi-annually for 2 years,
starting in March 2006
Approximately 20 ground water
monitoring wells to be monitored
quarterly for 1 year, anticipated start in
March 2008; to be discontinued when the
average ground water concentrations for
4 consecutive quarters are below
applicable RSR criteria and the plume
has been demonstrated to be at steady
state
Quarterly monitoring of approximately
20 ground water monitoring wells
starting in 2009, to be discontinued when
the average ground water concentrations
for 4 consecutive quarters remain below
applicable RSR criteria
Monitoring to be conducted for 2 years
subsequent to SVE/AS system shutdown

Additional remediation of AOCs 4, 5, 7, 8, and 9 will include application of a
site-wide Environmental Land Use Restriction (ELUR) from the CT DEP
restricting the Site use to industrial/commercial, as well as obtaining specific
ELURs rendering the soils in AOCs 4 and 9 as inaccessible and/or
environmentally isolated.
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2.1 OPERATION AND MAINTENANCE OF SOIL VAPOR
EXTRACTION!AIR SPARGE SYSTEM (SVEIAS)

Upon initial startup of the SVE/AS system, ERM personnel will be on-site for
the first three days recording pressure, vacuum, flow rate, dissolved oxygen,
depth to water, temperature, and total VOC readings (as described in Section
4.2.1) and based on these readings will adjust the SVE/AS system components
(flow control valves, applied pressure to the sparge wells, applied vacuum to
the SVE wells) to optimize mass removal efficiency. In addition, soil vapor
samples will be collected from all seven SVE wells (listed below) and the
overall effluent one hour after initial startup of the SVE/AS system and on the
third day of operation.

i '4.-*£,$»

SVE-l

SVE-2

SVE-3

SVE-4

SVE-5

SVE-6

SVE-7

Effluent (SVE-8)

Once the SVE/AS system is adjusted and running properly, ERM personnel
will initiate weekly O&M. All seven SVE wells along with the overall SVE
effluent will be sampled during each event. Samples will be collected using
methods described in Section 4.2.1.1 and analyzed for VOCs via EPA Method
TO-14A.

Weekly O&M, including soil vapor sampling will continue for a minimum of
three weeks. After the first three weeks, ERM will decrease the O&M
frequency to monthly. Monthly soil vapor samples will be collected for the
duration of one year past system start-up. In addition, beginning in March
2006 ERM will collect semi-annual groundwater samples from four wells
(ERM-6, ERM-11, ERM-13, and ERM-14) in general conformance with the CT
DEP's Draft Site Characterization Guidance Document, Attachment 3 (Low Flow
Sampling Procedures) and ERM SOPs (Section 4.2) for a duration of two years.
The ground water samples will be analyzed for CVOCs only. Data collected
will be tabulated and compared to the performance, effectiveness, and system
shutdown criteria after each monitoring round. If the criteria have not been
met, ERM personnel will modify the system operation, as needed, to maintain
an optimum mass removal rate. Semi-annual ground water monitoring will
be continued past two years in duration until parameters meet RSR criteria, if
necessary.
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The performance criteria for the SVE/AS system refers to the ability of the
components of the system, including mechanical devices, to function as
designed. The performance objectives for this system are as follows:

• To maintain a partial vacuum under the building floor slab to
prevent migration of soil vapors into the building;

• To induce air flow within the saturated zone for stripping the
CVOCs from the water and soil within the unsaturated zone
throughout the area affected by CVOCs to collect the mobilized
gaseous CVOCs; and

• To maintain an SVE/AS effluent which does not exceed the
maximum allowable stack concentration (MASC) established in
section 22a-l 74-29 of the Regulations of Connecticut State Agencies
(RCSA).

The effectiveness criteria refers to the goal of the system, which is to reduce
the concentrations of the contaminants of concern in the soil, soil vapor, and
groundwater in the source areas to concentrations meeting the GB Pollutant
Mobility Criteria (GB PMC) for soil, Proposed Soil Vapor Industrial
/Commercial Volatilization Criteria (I/C VC) for soil vapor, and
Groundwater Industrial /Commercial Volatilization Criteria (GW I/C VC) for
groundwater. These standards are listed below:

Gofttaminarit

Trichloroethene (TCE)

1,1-Dichloroethene (DCE)

1,1,1-Trichloroethane (TCA)

•<$Ms
(ttig/kg)

1

1.4

40

SdilVapor

i/C V<C (ppffi)

0.26

7

130

GW

I/CVe(M«/L)

67

920

16,000

Soil vapor and groundwater samples will be collected a minimum of two
weeks after the system is shutdown to evaluate if the CVOC levels have
rebounded above the applicable criteria noted above.

The Shutdown criteria will be met if one of the following three conditions
occurs:

1. The effectiveness criteria discussed above are met;
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2. The SVE/AS system has been operating for a period of at least 12 months,
asymptotic conditions as defined below have occurred, and soil vapor and
groundwater sample analyse:? demonstrate that the levels of remaining
contaminants are below the applicable criteria; or

3. Groundwater sampling indicates that remedial goals have been achieved.

An asymptotic condition is defined as follows: the monthly mass of total
VOCs removed during three consecutive months of operation are less than
10% of the maximum mass of total VOCs removed in any one month period.
A reduction in the mass of VOCs removed in one month to 10 percent of the
maximum mass previously removed in a single month is indicative of a
significant decline in effectiveness of the system. Essentially, when this
criterion is reached, it would take a minimum of 10 months of continued
operation at the reduced mass removal rate to extract an amount equal to the
maximum mass of VOC that had been removed in a prior month. This
criterion illustrates that the operation of the system has reached a point of
diminishing returns.

Furthermore, in order to demonstrate asymptotic conditions, it must also be
demonstrated that a good faith effort has been made to maximize the VOC
mass removal efficiency. Efforts should include: ensuring proper distribution
of AS flow to each AS well and adjusting flow from each extraction well to
maintain pneumatic control over AS flow while maximizing the mass removal
rate. In addition, pulsing the system (i.e. shutting down for a month followed
by re-start) will be attempted to maximize the mass removal rate. Reaching an
asymptotic condition (after all efforts have been made to maximize mass
removal) will also indicate that the sub-slab soil and groundwater has been
remediated to the maximum extent prudent, as defined in the CT RSRs. In
addition, a number of the AS and/or SVE points could be left in place to act as
passive venting points, should they prove to be needed.

2.2 POST-REMEDIAL/COMPLIANCE GROUND WATER MONITORING

Ground water monitoring will begin upon meeting the shutdown criteria
described above and will be conducted on a quarterly basis for two years in
order to 1) document effectiveness criteria have been met(lst year), and 2)
document compliance with the SWPC and I/C VC (1st and 2nd years). All
sampling efforts will be performed in general conformance with the CT DEP's
Draft Site Characterization Guidance Document, Attachment 3 (Low Flow
Sampling Procedures) and ERM SOPs. A total of 21 permanent ground water
monitoring wells will be sampled in March, June, September, and December
for a period of 24 months. The first sampling event is expected to be
performed in March 2008. Each ground water sample will be preserved and
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analyzed for an AOC-specific COC list.

2.3 POST-REMEDIAL!COMPLIANCE SOIL VAPOR MONITORING

Soil vapor monitoring will begin upon meeting the shutdown criteria
described above and will be conducted on a quarterly basis for two years
concurrent with groundwater monitoring in order to 1) document
effectiveness criteria have been met (1st year), and 2) document compliance
with the Soil Vapor I/C VC (2nd year). All sampling efforts will be performed
in general conformance with the CT DEP's Draft Site Characterization Guidance
Document, Attachment 4 (Soil Vapor Sampling) and ERM SOPs. A total of 7
permanent SVE wells will be sampled in March, June, September, and
December for a period of 24 months. The first sampling event is expected to
be performed in March 2008. Each soil vapor sample will be analyzed for
VOCs via EPA Method TO-14A.
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3.0

3.1

QUALITY OBJECTIVES AND CRITERIA

DATA QUALITY OBJECTIVES (DQOS)

The data quality objectives for this project are summarized below, by project
Task.

Operation,
Maintenance, and
Evaluation of
SVE/AS system via
Soil Vapor Sampling

Operation,
Maintenance, and
Evaluation of
SVE/AS system via
Ground Water
monitoring
Post-Remedial
Effectiveness
Ground Water
Monitoring

RSR Compliance
Ground Water
Monitoring

Post-Remedial Soil
Vapor Monitoring

Remediate VOC
impacted
media/Assess
contaminant mass
removal

Evaluates system
performance

Assess SVE/AS
effectiveness,
Demonstrate
Compliance with
RSRs

Assess need to
continue operation
of SVE/AS,
Demonstrate
Compliance with
RSRs
Assess SVE/AS
effectiveness/ need
to continue
operation of
SVE/AS

Whether or not system
is operating correctly
or requires
repairs/optimization

Whether or not system
is operating correctly
or requires
repairs/optimization

Whether or not system
has remediated
ground water to
applicable RSR criteria
or background
concentrations
Whether or not site
ground water quality
consistently meets
applicable RSR criteria
or rebounds

Whether or not soil
vapor contaminant
concentrations below
site buildings meet
applicable RSR criteria

4 weeks and 2 years
of monthly inspection
logs, reliable
discharge /vacuum
readings and valid
laboratory data for
COCs
2 years of semi-
annual high quality
laboratory data for
COCs

1 year of ground
water quality
sampling and high
quality laboratory
data for COCs from 4
consecutive quarters
1 year of ground
water quality
sampling and high
quality laboratory
data for COCs from 4
consecutive quarters
Reliable soil vapor
quality sampling and
high quality
laboratory data for
COCs from 8
consecutive quarters

3.2 DATA QUALITY INDICATORS/ACCEPTANCE CRITERIA

Considering the overall characteristics of the site, the following RSR criteria
are applicable to the site characterization and remediation efforts for this
project:

• Site ground water will be evaluated relative to the Proposed Residential
and Industrial/Commercial Volatilization Criteria (RVC and I/C VC) and
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the Surface Water Protection Criteria (SWPC). It should be noted that
these criteria apply to the entire plume, including those portions (if any)
that may extend off-site.

• Site soil vapor will be evaluated relative to the Proposed RVC and I/C VC
for soil vapor. It should be noted that these criteria only apply to soil
vapor beneath buildings.

The numerical criteria associated, with these standards are the designated
action limits for this project. All laboratory quantitation limits (QLs) must be
less than or equal to the action limits. Additional details regarding laboratory
QA/QC requirements for data acceptance have been presented in Tables 3,8,
10, and 11 (Appendix C), and are summarized below.

3.2.1 Historical Data

Historical data has been used to determine the degree and extent of
contamination in each AOC to be remediated/monitored. As a conservative
measure, historical data indicating the presence of contamination has been
assumed valid, while historical data indicating the absence of contamination
or the presence of contaminants at concentrations below applicable CT DEP
criteria will undergo at Tier I-Type data validation.

V,.,
3.2.2 Future Data

Future data will undergo Tier II-Type data validation. Additional general
acceptance criteria and measurements are specified as follows.

3.2.2.1 Precision

Precision will be assessed based in the result of laboratory control spike
duplicate and (collocated) field duplicate sample analysis. The laboratory
spike duplicates performed by Spectrum Analytical, Inc. (Spectrum) reflect
only the precision of the laboratory techniques and equipment, and will be
measured in Relative Standard Deviation (RSD) and percent recovery (%R).
Specific acceptance RSDs and %Rs vary per analytical method, and are
specified in Spectrum's SOPs. The analytical results of collocated field
duplicates reflect the precision of sampling, sampling handling/shipping, and
laboratory techniques and equipment.
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In general, a soil vapor or ground water field duplicate result will be
considered precise if the Relative Percent Difference (RPD), as calculated
below, is less than or equal to 30 percent.

RPD= |xi-x2 | xlOO%

X1 + X2

3.2.2.2 Bias and Accuracy

Bias and accuracy will be assessed by the fixed laboratory through analysis of
laboratory control spike samples, spiked matrix samples, initial calibration
samples, and continuing calibration checks (CCCs). The matrix samples will
be collected in the field and supplied to the laboratory by ERM personnel.
The remainder of the samples will be prepared and provided by the
laboratory. Bias/accuracy will be measured in %R (spike samples), percent
difference (%D, CCC samples), and RSD (initial calibration and CCCs), and is
anticipated to vary based upon matrix interferences, analytical methods, and
constituents. Acceptance criteria are summarized in Tables lla-llf.

3.2.2.3 Representativeness

ERM will ensure sample representativeness by using standardized sample
collection techniques, which include measured stabilization of ground water
parameters and predetermined purge times for soil vapor prior to sample
collection, as described in Section 4.2 and ERM SOPs (Appendix E).

3.2.2.4 Completeness

Field data sets will be reviewed for completeness on a periodic basis by the
Quality Assurance Manager or his designee. Laboratory data packages will be
reviewed for completeness by the Data Validator, and should be generally
consistent with Level TV Data Deliverables in order to allow for future EPA
Tier Ill-Type Data Validation, if necessary. In addition, the completed
validated laboratory data set will be compared to the proposed data set at the
end of the project, to ensure that a sufficient data set is available to meet DQOs
established in Section 3.1.
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3.2.2.5 Comparability

ERM will ensure that historical and future data collected are comparable by
using consistent sampling, sample handling, and analytical methods, as
specified in ERM and Spectrum SOPs.

3.2.2.6 Sensitivity

The laboratory will perform periodic method blanks, as specified in
Spectrum's SOPs, to measure sensitivity and ensure no laboratory
contamination has occurred. In addition, Spectrum will ensure that all
Practical Quantitation Limits (PQLs) for analyzed constituents are consistent
with EPA method and instrument-specific detection limits, as well as being
equal to or less than the project-specific action limits (defined in Section 3.2).
The laboratory has a Quality Assurance Manual specifically designed to
ensure that these requirements can be met. Laboratory QA/QC methods and
frequency used to ensure data quality are summarized in Tables lla-llf and
Sections 4.6 and 4.7.

3.3 SPECIAL TRAINING!CERTIFICATION

Data collection is conducted and overseen by a qualified geologist, engineer,
or similar individual. The project manager will be trained in soil/soil
vapor/ground water data collection techniques, analysis, and interpretation.
In addition the project manager and all personnel working at the site will be
40-hour HAZWOPER trained.

The project manager and field team leader are responsible for assuring the
field assistants and subcontractors are qualified to do the fieldwork. The
project manager/field team leader will conduct the training (with exception of
40 hour HAZWOPER which is to be conducted by a certified individual),
and/or supplement and fine-tune any prior training the field personnel have
had. This training includes the operation and appropriate use of field
instruments and equipment, procedures for taking accurate, comprehensive
and readable field notes, analyzing field data, and understanding the need for
accuracy and quality control in data collection. The personnel must be
familiar with this QAPP and be proficient in the operation and calibration of
the field equipment.
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3.4 DOCUMENTATION AND RECORDS

All documents will be stored electronically in project specific folders on a
shared system in the ERM East Hartford, Connecticut office. The files are
backed up daily on the system. Hard copies of the QAPP, field data, field
notes, reports, figures, or print outs of on-going work will be stored in the
project's files located in the ERM East Hartford office.

All field notes will be maintained by the project manager and field team
leader. The field notes must be completed in a designated field notebook. The
field notes must further be completed on-site at the time the data collection
occurs and, at a minimum, must include the following:

• Project Name

• Company

• Field personnel on-site

• Date

• Detailed location of sampling point

• Type of data collection (soil/soil vapor/ground water sampling)

• Time of day and weather conditions

• Note any supplemental forms used (low flow logs, boring logs, etc.)

• Equipment used

Changes in the field notes are not to be erased, but crossed out and the
updated information should be written next to the original data and initialed
and dated. For detailed field documentation procedures refer to Standard
Operating Procedure #6.1 Field Documentation dated March 2003.
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4.0 DATA GENERATION AND ACQUISITION

4.1 SAMPLING PROCESS DESIGN

The sampling design for this site follows the conceptual site modeling (CSM)
process as described in the Draft Site Characterization Guidance Document dated
June 12,2000. The CSM process consists of the following components:

• Likely release mechanisms/characteristics and contaminants of concern
(COCs);

• Environmental setting of the release, including stratigraphy and
characteristics of subsurface materials that will influence migration;

• Fate and transport characteristics of the released substances;

• Potential migration pathways; and

• Potential Receptors.

Each of the AOCs previously listed in this QAPP were evaluated using the
CSM process. The initial detailed CSM for each AOC is provided in the
Summary Report and Phase III Work Plan prepared by ERM and dated June 2002.
As additional work is conducted, the CSM will be revised in subsequent
annual submittals, as necessary.

4.2 SAMPLING METHODS

Consistency in sampling methods is critical to obtaining a quality data set that
is representative of the site conditions. In order to maintain consistent
sampling methods the following SOPs will be used by field personnel when
conducting sampling activities at the site:

"Draft Standard Operating Procedure #3.05, Low Flow Ground water
Sampling," January 2006, ERM - New England, Inc.

"Draft Standard Operating Procedure #3.06,YSI Care and Maintenance."
February 2003, ERM - New England, Inc.

"[Site-Specific] Standard Operating Procedure #3.1, Post-Remedial Soil Gas
Monitoring, Former InteliData Facility," January 2006, ERM - New England,
Inc.

"Draft Standard Operating Procedure #6.1, Field Documentation," March
2003, ERM - New England, Inc.
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"Draft Standard Operating Procedure #6.2, Chain of Custody," March 2003,
ERM - New England, Inc.

These SOPs are on file in the ERM East Hartford office and are readily
available to all field personnel. Where indicated, modifications to SOPs as
presented in the text of the QAPP will take precedence over methods
described in the ERM SOP. All field personnel working at this site are
required to review the relative SOP and QAPP prior to conducting fieldwork.
It is the responsibility of the field team leader to ensure field personnel are
familiar with the relative SOP and QAPP.

4.2.1 Operation and Maintenance (O&M) of Soil Vapor
Extraction!Air Sparge System

All SVE/AS O&M events will be performed in accordance with the following
procedures:

• Record the kilowatt used from the kilowatt hour meter located
within the electrical room in the Project Graphics occupied area;

• Record the hour meter reading along with the time and date for
both the AS compressor and SVE blower;

• Within the equipment trailer on the AS system: record the pressure
from locations PGF-200 and 201, the temperature from locations
TG-200 and 201, and the flow rate from FMF-201. Refer to Figure 12
the Process & Instrumentation Drawing, AS System in Appendix A
for location details;

• Within the equipment trailer on the SVE system: record the vacuum
from locations VG-308,309 and 310, pressure from location PG-300,
the temperature from locations TG-301 and TG-302, and the flow
rate from locations FM-308 and FMD-300. Refer to Figure 13 the
Process & Instrumentation Drawing, SVE System in Appendix A
for location details;

• At the manifold record pressure from PG-201 to 217, air sparge flow
from FM-201 to 217, vacuum from VG-301 to 307, and SVE flow rate
from FM-301 to 307;

(-"•""• • Collect sample of soil vapor from each well (SP-301 to 307) and the
>*-' overall effluent (SP-308) in a tedlar bag using a high volume
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vacuum pump and vacuum chamber. Screen these samples for
total VOCs with a photo ionization detector and/or a flame
ionization detector;

• During each O&M event, collect a summa canister sample (as
described in Section 4.2.1.1) from each SVE well (SVE-1 to SVE-7)
and the overall effluent (SVE-8) for laboratory analysis of CVOCs
by method TO-14A;

• Record depth to water measurements and dissolved oxygen (DO)
levels (using a downhole DO meter) in wells, ASMP-1, ASMP-2,
ERM-6, ERM-11, ERM-13, and ERM-14;

• On a semi-annual basis, collect a groundwater sample via low flow
techniques (as described in Section 4.2.2) from ERM-6, ERM-11,
ERM-13 and ERM-14 with laboratory analysis for CVOCs. The first
quarterly event will be conducted in March 2006;

• Reading pressure, vacuum, flow, dissolved oxygen, depth to water,
and temperature gauges, and recording data; and

• Based on the readings,, adjust system pressure, vacuum, flow to
each well to optimize mass removal efficiencies. This will be
accomplished by adjusting the flow control valves for each SVE/AS
well at the manifold and the dilution/vent valves in the equipment
trailer.

4.2.1.1 Soil Vapor Monitoring Activities Associated with SVE/AS
Optimization

Upon initial startup of the SVE/AS system, ERM personnel will be onsite for
the first three days recording field parameters (as described in Section 4.2.1) in
order to determine required adjustments to the SVE/AS system components
and optimize mass removal efficiency. During this time, soil vapor samples
will also be collected from all seven SVE wells and the overall effluent at the
following frequency: 1.) one hour after initial startup of the SVE/AS system,
and 2.) on the third day of operation. Once the SVE/AS system is adjusted and
running properly, ERM personnel will initiate weekly O&M for a minimum of
three weeks, to be followed by monthly O&M events to be conducted until a
minimum of twenty-four months from SVE/AS startup have elapsed.
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All seven SVE wells along with the overall SVE effluent will also sampled
during each O&M event. Samples collected while the SVE/AS system is in
operation will be collected using summa canisters connected to sample gage
ports located in the individual piping run for each well at the SVE/AS
manifold. The summa canisters are under vacuum and are fitted with a
vacuum release valve and in-line particulate filter for sample collection. After
connected, an instantaneous whole-air soil vapor sample will be collected
from each location when the vacuum release valves are opened and the
pressures are allowed to equilibrate. The locations will not be purged prior to
sample collection. After sample collection, the canisters will be sealed (valves
closed) and shipped to Spectrum, under proper chain of custody, where the
soil vapor will be analyzed for VOCs via EPA Method TO-14A.

4.2.2.2 Ground Water Monitoring Activities Associated with SVE/AS
Optimization

Beginning in March 2006 and continuing for approximately two years, ERM
will collected groundwater samples semi-annually from four wells (EKM-6,
ERM-11, ERM-13, and ERM-14) in general conformance with the CT DEP's
Draft Site Characterization Guidance Document, Attachment 3 (Low Flow
Sampling Procedures) and ERM SOPs (Section 4.2.2, below). Data collected
will be tabulated and compared to the performance, effectiveness, and system
shutdown criteria (previously discussed) after each monitoring round. If the
criteria have not been met, ERM personnel will modify the system operation
as needed to maintain an optimum mass removal rate.

4.2.2 Post-Remedial!'Compliance Ground Water Monitoring

All sampling efforts will be performed in general conformance with the CT
DEP's Draft Site Characterization Guidance Document, Attachment 3 (Low Flow
Sampling Procedures) and in accordance with ERM Draft Standard Operating
Procedure #3.05, Low Flow Groundwater Sampling (March 2003). Quarterly
ground water samples to assess compliance with the RSRs will be collected
from the following wells.

AOC
1
2
7
1

Monitoring Points
MW-1
MW-2
MW-3
ERM-1
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3
1,5,9
5,6
4,8
10
10
1,7
5,8
9
7

4,8
7
7
7
7
7
7

ERM-2
ERM-3
ERM-6
ERM-7
ERM-9
ERM-10
ERM-11
ERM-13
ERM-14
ERM-16

INJ-1
BR-1
BR-2
BR-3
BR-4
BR-5

MW-17 (Offsite)

The goal of low flow sampling is to purge a monitoring well at a similar or
lower rate than recharge to the well, thereby obtaining samples that are
representative of undisturbed groundwater. This technique involves pumping
the groundwater at a low flow rate through a flow cell where water quality
parameters are monitored until they stabilize, after which a groundwater
sample is collected for laboratory analysis.

For wells with water depths less than 28 feet below grade, an adjustable-rate,
low flow, peristaltic pump will be used for sampling. For wells with water
depths greater than 28 feet, an adjustable-rate, low flow, submersible or
bladder pump will be used for sample collection. In all cases, dedicated
silicon and polyethylene tubing will be used.

In cases where submersible pumps are required, the pumps will be
decontaminated in between sampling locations by pumping at least three
volumes of low phosphate, laboratory grade detergent (i.e. Liquinox) and
water mixture through the pump and scrubbing the pump exterior, followed
by at least three volumes of distilled water. Where bladder pumps are used,
the pump will be disassembled, the pump body will be thoroughly scrubbed
with a mixture of low phosphate,, laboratory grade detergent and water, and
the individual bladders will be replaced. The pumps will be rinsed with a
minimum of two volumes of distilled water prior to reassembly and use.
Ground water samples will not be field filtered.

All ground water samples will be field preserved and shipped, under proper
chain of custody, to Spectrum for AOC-specific constituents of concern
(Section 4.4).
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Prior to sampling, ERM personnel will check the condition of the well and the
lock to evaluate the potential for damage/tampering. ERM personnel will
then remove the well caps and measure the depth to water in each well, as
well as any remaining on-site wells, for the purpose of generating ground
water elevation and flow direction data. If there is not a notched location in
the PVC to assure that future measurements are taken from the identical
location during each sampling event, field personnel will make one during the
initial sampling event. The depths to the bottom of the wells will not be
measured at this time in order to avoid disturbing any accumulated sediment.
The depths to the bottom of the wells will be measured after the ground water
sampling has been completed in order to evaluate the accumulation
rate/integrity of the well. If significant sediment accumulation is noted in any
well to such an extent that it effectively reduces the screen section thickness by
more than two feet, the well will be redeveloped by aggressive bailing,
pumping, or surging at least one week prior to the next sampling event.

4.2.3 Post-Remedial Soil Vapor Monitoring

All sampling efforts will be performed in general conformance with the CT
DBF's Draft Site Characterization Guidance Document, Attachment 4 (Soil Vapor
Sampling) and in accordance with ERM "[Site-Specific] Standard Operating
Procedure #3.1, Post-Remedial Soil Gas Monitoring, Former InteliData Facility"
(January 2006). Quarterly soil vapor sampling will be conducted concurrently
with the remedial effectiveness groundwater sampling and samples will be
collected from the seven SVE wellheads. Each SVE well head is fitted with a
sampling port. Dedicated tubing will be connected to the sampling port and
attached to a small SKC personal air sampling pump. Prior to sampling, the
sampling points will be actively purged for 15 minutes at a rate of 1.5 liters per
minute. At each location, the pump will then be disconnected and the tubing
connected to a dedicated SUMA Canister, which is under vacuum and fitted
with a vacuum release valve and in-line particulate filter for sample collection.
An instantaneous whole-air soil vapor sample will be collected from each soil
vapor point when the vacuum release valves are opened and the pressures
allowed to equilibrate. The canisters will be sealed (valves closed) and shipped
to Spectrum, under proper chain of custody, where the soil vapor will be
analyzed for VOCs via EPA Method TO-14A.

4.3 SAMPLE HANDLING AND CUSTODY

All samples will be collected according to their relative SOPs, as indicated
above. Depending on the analyses required, samples will collected in the
appropriate containers and preserved as described in Recommended Containers,
Preservation, Storage, & Holding Times dated March 2004 and prepared by
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Spectrum. These have been summarized in Table 6. Each sample container
will be affixed with a water-resistant sample label that includes the following
information, filled out with indelible ink:

• Site name

• Sample project ID number

• Sample location (ID)

• Collection date (MM/DD/YY) and time (military)

• Sample preservation method

• Analysis requested

• Sampler(s) initials

If indelible ink is not available, sample labels will be covered with wide, clear,
packing tape or samples will be sealed inside individual plastic bags to protect
the label from water damage from melting ice (used for ground water samples
only). Once the ground water samples are collected and labeled, they will be
placed in a cooler on ice with a temperature of approximately 4°C. Soil vapor
samples will be kept at room temperature until laboratory pick up or sample
shipping. The chain of custody will be prepared in accordance with SOP #6.2
Chain of Custody referenced above.

The standard procedure will be for samples to be picked up at the site or at
ERM's East Hartford office and delivered to the laboratory by a laboratory
sample courier. Samples will be received at the laboratory no later than 72
hours from the time of sample collection. Samples will be packed with bubble
wrap as needed to prevent any breakage during transport. In the event that a
courier other than laboratory courier or ERM transports any samples to the
laboratory, samples will be prepared as described below.

The following is an outline of the procedures to be followed when packing a
cooler:

• Using fiberglass tape, secure the drain plug at the bottom of the cooler to
ensure that water from sample container breakage or ice melting does not
leak from the outside container.

• Place all sample containers in the cooler. Check screw caps for tightness
and mark sample volume level on the outside of large containers.

• Small containers will be placed in small plastic sandwich bags. When
shipping these with large containers, steps must be taken to prevent
shirting of the larger containers that might break the smaller ones.
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• All glass bottles and all water samples must be placed in plastic bags.

• Cushioning material is not necessary when shipping only plastic sample
containers.

• Ice sealed in plastic bags or cool packs should be placed in the cooler when
samples must be kept at 4 °C.

• Documents accompanying the samples will be sealed in a zip lock plastic
bag attached to the inside of the cooler lid.

• The lid of the cooler must be closed and fastened.

• Fiberglass tape should be used to seal the space between the lid and the
cooler. The tape should be wrapped around the cooler several times to
ensure that the lid does not open if the latch becomes unfastened.

• The cooler should be taped with a custody seal.

• The following information must be attached to the outside of the cooler:
name and address of receiving laboratory with return address, arrows
indicating "This End Up" label on the top of the lid.

• Additional labels such as "Liquid in Glass" are optional. If the bottles have
been carefully packaged, additional warnings should not be needed.

If a cooler is not equipped with a padlock, a custody seal will be affixed and
signed across the lid of the cooler. When samples are shipped, two or more
seals are to be placed on each shipping container with at least one at the front
and one at the back, located in a manner that would indicate if the container
were opened in transit. Wide, clear tape will be placed over the seals to
ensure that seals are not accidentally broken during shipment. Alternatively,
evidence tape may be substituted for custody seals.

Samples packaged in this way may be shipped by commercial air or by
courier. Personnel should be prepared to open and reseal the cooler for
inspection if it is required. Be aware that some commercial carriers have limits
as to the number of pounds per item that can be shipped.

4.4 ANALYTICAL METHODS

EPA SW-846 analytical methods or state specific methods (CT ETPH) to be
used for analysis of site COCs are listed below.
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Please note that during remedial system operation and maintenance
(estimated two years), ground water monitoring will be completed for the
purposes of system optimization only. During this time, ground water
samples will be analyzed for CVOCs only via method 8260B. Full 8260B
analysis will commence post remediation. Details of each analytical sampling
method are available in the laboratory SOPs, attached (Appendix D).
Laboratory is expected to meet standard turnaround time (TAT) of 7 to 10
business days and rush TATs on request.

As specified previously, in order to meet data acceptance criteria the
laboratory minimum detection limits must not exceed the most stringent RSR
criteria for the media being sampled. Refer to the Section 22a-133k(l) through
(3) and the Proposed Revisions, Connecticut Remediation Standard Regulations
Volatilization Criteria dated March 2003 (Attachment F).

4.5 QUALITY CONTROL

Field sampling quality control measures will include duplicates, matrix
spikes/matrix spike duplicates, trip blanks, and equipment blanks.

ERM will collect and analyze one blind duplicate per every 10 ground water
or soil vapor samples collected (2 ground water duplicates and 1 soil vapor
duplicate) per sampling event. The duplicate sample analysis results will be
used to evaluate sampling and measurement precision, and will be measured
by the calculated RPD, as previously described. Each duplicate will be
analyzed for the same constituents, using the same method, as the original
sample. Data will be considered acceptable if the duplicate concentrations are
within + 30% of the original sample. If the duplicate sample results are
outside of these limits, the sample analysis will be rerun, and/or the data will
be flagged in the final report.

ERM will submit one matrix spike/matrix spike duplicate (MS/MSD) ground
water sample per 20 samples (one per sampling event), one equipment blank
per ground water sampling event, and one trip blank per cooler of ground
water samples to be analyzed for VOCs. The MS/MSD sample will be
submitted to the laboratory to assist in evaluation of the presence of matrix
interference effects. Acceptance criteria will be the same as for a field
duplicate. Samples not meeting the acceptance criteria will be rerun or
flagged in the final laboratory report.

The equipment/field blank will consist of deionized and VOC-free water
passed through unused, disposable tubing in the field. The equipment/field
blank will be submitted to the laboratory as a "blind" sample, and assigned a
code name. The equipment/field blanks and trip blanks will be submitted to
the laboratory to evaluate the representativeness of the sampling and
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transport techniques, and any associated bias/accuracy issues. No
contaminants should be detected above the laboratory quantitation limits.
Any detection will be flagged in the final laboratory data reports.

ERM will also submit temperature blank per cooler of ground water samples,
to verify that samples have been preserved at approximately 4 degrees
Celsius, as recommended by most analytical methods. Samples exceeding the
holding temperature by significant degrees will be flagged in the final
laboratory report.

No bottle blanks will be collected or analyzed, as all water and vapor sample
containers will be supplied and certified clean by the laboratory.

Laboratory quality control methods are summarized in the attached Tables
lla-14.

4.6 INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND
MAINTENANCE

ERM personnel will inspect equipment for evidence of damage or malfunction
daily, prior to the start of field operations. If evidence of damage or
malfunction is observed, ERM will perform routine maintenance only on
multi-parameter probes, as described in ERM's SOPs and manufacturer's
instructions (ERM's YSI Care & Maintenance and YSI 600 Series Sonde Manual)
No ongoing instrument/ equipment testing or maintenance will be performed
by ERM personnel, as all equipment will be tested and maintained off -site by
the supplier, U.S. Environmental Rental. If routine maintenance (replacement
of filters and /or membranes) cannot resolve the issue, the unit will be
replaced. If difficulty is encountered with peristaltic pumps or water level
indicators supplied by U.S. Environmental Rental, these will also be replaced.
No maintenance will be performed on these items by ERM personnel.

Laboratory instrument/equipment testing will be performed in accordance
with Spectrum's SOPs and internal Quality Assurance Manual (June 2004).
Laboratory instrument/equipment testing frequencies and procedures are
summarized in Table 12.

4.7 INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY

Field equipment will be calibrated at a minimum frequency of once per day
(prior to the start of the field operations) and a post calibration check will be
performed to determine if the equipment remained in calibration throughout
the day. Should anomalous data be encountered, ERM will recalibrate the
equipment or instrument in question immediately in accordance with
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manufacturer's instructions. If the issue cannot be resolved, the Project
Manager and Field Team Leader will be notified to evaluate whether or not it
will prevent compliance with sampling SOPs or attainment of project DQOs.

""" If necessary, the Project Manager will request a replacement unit from the
supplier for same day delivery and use.

Laboratory instrument/equipment calibration will be performed in
accordance with Spectrum's SOPs and internal Quality Assurance Manual.
Laboratory instrument/equipment calibration frequencies and methods are
summarized in Tables 13-14.

4.8 INSPECTION/ACCEPTANCE FOR SUPPLIES AND CONSUMABLES

Laboratory Supplies

ERM will be supplied sample containers, labels, chains of custody, custody
seals, and QA/QC items by the fixed laboratory a minimum of 1 day prior to
scheduled field operations. ERM will inspect the deliveries for completeness
and acceptability prior to mobilizing to the site for sample collection. Items to
be inspected will include:

• Sample containers

o Bottles, Certified Clean - The total number and type of
sample containers will be compared to the Bottle Request
Form, previously submitted by ERM personnel. In
addition, sample containers will be inspected for cracks,
broken seals /glass, loss of preservation fluids, or other
conditions which would either hinder sample preservation
and transfer from the site to the laboratory or endanger
sampling and handling personnel.

o Summa Canisters and Filters - The total number of
canisters and filters will be compared to the Sample
Container Request Form, previously submitted to the
laboratory by ERM personnel. Each summa canister will
also be inspected to ensure that it is under sufficient
vacuum to draw a sample when the valve is opened by
checking the pressure valves. The valves should read
approximately - 30 inches of mercury.

• Sample Labels and Chains of Custody - ERM personnel will
ensure that enough labels and chains of custody have been
provided to address the number of samples and individual
containers to be submitted to the laboratory.

ERM 4-12 Corillian/0037300/0016718/QAPP-final-revl.DOC



• Custody Seals - The laboratory typically delivers the sampling
containers, QA/QC items, and coolers via direct courier. In the
event that these items are shipped, ERM will inspect each custody
seal from the laboratory to be unbroken upon arrival. ERM will
also verify that sufficient custody labels have been provided for
return shipping, if necessary.

• Coolers - ERM will inspect each provided cooler for noticeable
odors, leaks, or other issues that could negatively impact sample
integrity. If any problems are detected, a new cooler will be
obtained and used.

• QA/QC Items - ERM will inspect the provided supplies to
ensure that the following items are provided:

o Deionized Water, in sufficient volumes to collect one
equipment blank per ground water sampling event,

o VOC-free water, in sufficient volumes to collect one
equipment blank, and at least one additional trip blank
should the provided trip blank(s) become compromised,
per ground water sampling event,

o Sufficient trip blanks such that one trip blank can be
included in each cooler of ground water samples being
analyzed for VOCs, and

o Sufficient temperature blanks that one temperature blank
can be included in each cooler of ground water samples.

Consumables

The following consumable items are expected to be used during field
operations:

• Polyethylene tubing,

• Flexible silicone tubing,

• Nitrile gloves, and

• Ice.

All consumables will be purchased new and unused. Tubing and gloves will
be inspected for perforations or staining, as used. No perforated or stained
tubing or gloves should be used. Extra tubing and gloves should be kept on
hand in the event that defective equipment is discovered during sampling
procedures.
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4.9 DATA MANAGEMENT

All documents will be stored electronically in project specific folders on a
shared system in the ERM East Hartford, Connecticut office. The files are
backed up daily on this system. Hard copies of the QAPP, field data, field
notes, reports, figures, or print outs of on-going work will be stored in the
project's files located in the ERM East Hartford office. The Project Manager
will be responsible for maintaining the complete file.

Laboratory data will be delivered electronically to ERM in excel and PDF
format, as well as in hard copy. In order to reduce the potential for
transcription errors and data loss, laboratory data (including laboratory
QA/QC data) will be directly input by laboratory analysts into Microsoft
Excel format and compared to RSR criteria specified by ERM. The electronic
data deliverable (EDD) will then be spot-checked for transcription errors
against the hard copy at ERM's East Hartford office. A copy of the laboratory
EDD can be provided to the EPA and/or CT DEP upon request. All
laboratory records are maintained in hard copy by Spectrum Analytical, Inc.
for ten years and in electronic format for three months.
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5.0 ASSESSMENT AND OVERSIGHT

5.1 ASSESSMENTS AND RESPONSE ACTIONS

Assessment and Oversight of the project will be a continuous effort. As
described in Section 1.2, oversight of project efforts will be delegated to the
Field Team Leader, Quality Assurance Manager, Project Manager, and
Principal. It is ultimately the responsibility of the Principal and Project
Manager to ensure that the project is completed in accordance with this QAPP
and that the DQOs are met.

The Project Manager will complete, or delegate the completion of the
following assessments: field audits, technical systems audits, annual review of
laboratory performance evaluations, and management systems audits.

The fixed laboratory director will be ultimately responsible for ensuring
appropriate Asessment and Response activities are conducted at Spectrum
Analytical in accordance with Spectrum's SOPs (provided) and Quality
Assuance Manual through systematic and daily quality control measures
described in Tables lla-14.

Field Audits

At least one field audit will be completed by the Field Team Leader for each
sampling task annually. The purpose of the field audit is to observe members
of the sampling team on-site to assess the effectiveness of and compliance with
the QAPP, Health and Safety Plan (HASP), sampling SOPs, and document
management. The auditor will complete a written audit summary report, to
be submitted to the Quality Assurance Manager. The Quality Assurance
Manager will use the audit report to assess these items relative to changing
field conditions, industry standards, and project DQOs and to make
recommendations to the Project Manager for improvements or alterations to
them, as necessary. It is the responsibility of the Project Manager to approve
modifications to the SOPs, QAPP, HASP, and /or document management
protocols.

Technical Systems Audits

At least one technical systems audit will be conducted annually. The technical
system audit will consist of a review of laboratory and other data tables for
consistency against hard copy results and assess the effectiveness of the data
transfer. The Technical System Audits will be completed by the Quality
Assurance Manager, and any problems reported in written format to the
Project Manager for corrective action. The Project Manager will be responsible
for implementaton of corrective actions, which may include but is not
necessarily limited to: revised laboratory reporting, additional data review,
revised HDD formats/reports, and/or interim Data Validation procedures.

ERM iTl Corilliaii/0037300/0016718/QAPP-final-revl.DOC



The results of the technical systems audit will be documented in a
Memorandum to file, to be maintained in ERM's East Hartford office.

Laboratory Performance Evaluation

The Quality Assurance Manager will review, on an annual basis, the results of
Performance Evaluation (PE) samples analyzed by the fixed laboratory. The
laboratory's performace will be evaluated to ensure that data obtained will
continue to meet the project DQOs. In the event that the laboratory does
poorly on critical PE sample analyses, the Quality Assurance Manager has the
ability to: 1) request additional QA/QC measures be performed for samples
submitted for analysis, 2) review additional data provided by the laboratory
that may indicate the PE results were anomalous, and/or 3) select another
state-certified laboratory, provided that the alternate laboratory can comply
with the QAPP. Any corrective actions taken will be documented in a
Memorandum to File, to be maintained in ERM's East Hartford office.

Management System Audits

At the close of each quarterly ground water and/or soil vapor sampling event,
the Project Manager will conduct an assessment of the management system.
In order to ensure that DQOs are met, the assessment will include an
evaluation of communication systems and chain of command effectiveness,
assessment of scheduling issues, and verification that sampling plans,
protocols, and analytical methods remain appropriate in light of recently
acquired data. Any concerns or changes to the QAPP or project based upon
these assessments, will be documented in a Memorandum to File, and
maintained in ERM's East Hartford office.

5.2 PROJECT REPORTS

The results of the ground water and soil vapor monitoring will be reported
and submitted to the CT DEP on an annual basis. The reports will provide a
summary of the Scope of Work, methods, results, conclusions and
recommendations derived from the sampling. The report will include a
conceptual model of the site, including environmental setting, hydrogeology,
historical site use, and contamination source/assessment. The report will
identify any data gaps that may require additional study or action, and
evaluate the effectiveness of remedial measures taken at the site. Essential
components of the report will include:

• Summary of field work arid analytical methods,

• Summary of data obtained (tables and figures),

• Comparison of analytical data to benchmark standards,
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• Evaluation of the data collected and QA/QC, and

• Proposed QAPP or scope of work changes.

The results of project audits will be maintained in ERM's files throughout the
lifetime of the project and included in the final (verification) report, to be
completed and submitted at the end of the project activities to Corillian, US
EPA, and CT DEP. The final report will include all of the elements of the
annual reports.
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6.0 DATA VALIDATION AND USABILITY

^^ 6.1 DATA REVIEW, VERIFICATION, AND VALIDATION

Laboratory Quality Control measures and acceptance criteria are described in
Section 3.2 and summarized in Tables lla-14. The ERM Quality Assurance
Manager or their designee will review the data obtained to ensure general
compliance with Field Quality Control criteria, established in Section 4.5.
Laboratory Data will undergo Tier II-Type Validation by a Data Validator
designated by the ERM Quality Assurance Manager.

6.2 VERIFICATION AND VALIDATION METHODS

Initial Data Validation will be conducted by the fixed laboratory. Data
generated from the analyses of samples is reduced according to the specific
analysis SOPs, but can generally be described as follows:

• Instrument operator reviews raw data and verifies all method and
project specific QC requirements,

• Instrument operator adds data qualifiers and a notation on the bench
sheet of any unusual situations or observations,

V-.

• Data is uploaded from the instrument to the Laboratory Information
Management System (LIMS) for peer/manager review,

• Third review of the data is performed for quality assurance, and

• Final review of the data is performed by laboratory director.

Data is validated in multiple steps at the laboratory, as listed below:

• Documentation of sample integrity at Sample Reception,

• Secondary, peer or management review of LIMS data entry as it
correlates to the Chain of Custody,

• Analyst verification of sample container information against bench
sheet or backlog,

• Analyst documentation/verification of sample hold times, method
SOPs and QC have been met on bench sheet,

• Batch validation for QA/QC by Department Manager,
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• Validation Team review of each work order, including data
consistency, correlation, and compliance with regulatory limits,

V...
• Quality Service Department review of all information against the chain

of custody and report forms, and

• Laboratory Director review of final laboratory report.

The laboratory will be responsible for reviewing appropriate maintenance,
calibration, and analytical logs and QC sampling results on a continuing basis
to ensure compliance with criteria described in Table lla-llf. Deviations from
these QC criteria will be indicated on the laboratory reports by the data
qualifier "flags," listed next to the reported detected concentrations.

An ERM designated Data Validator will also complete a Tier II-Type Data
Validation in general conformance with the Region I EPA-NE Data Validation
Functional Guidelines (1996). At a minimum, the Data Validator will review the
laboratory reports for the following data to verify compliance with this QAPP
and satisfaction of the DQOs:

• Laboratory Report Summary/Narrative - correct project numbers,
sample identifications, analytical requests, and consistency with the
Chain of Custody document and QAPP;

• Laboratory QC Reports - sampling holding times, control sample
recoveries as compared to laboratory SOPs and EPA method SOPs,
RPDofMS/MSDs;

• Potential impacts of method blank and equipment blank results on
sample analytical data;

• Minimum detection limits /reporting (quantification) limits -
comparison to RSR criteria; and

• Potential deviations from laboratory or EPA method SOPs.

6.3 RECONCILIATION WITH USER REQUIREMENTS

If any sample or QC issues are documented in the laboratory narrative or
discovered through the Data Validation process, the laboratory will be
contacted, copies of any relevant information obtained, and a discussion of
any limitations on the use of the data will be presented in the final laboratory
reports. Any amended laboratory reports will be marked as "Revised
Report." A discussion of any unusable or qualified data will be included in

C ERM's final reports to Corillian, CT DEP, and US EPA.
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Ô-i
2
£
(0

Is
J
IB
4D

1

S
O
B

S
Olu
co
U

D

er
e
 d

e
te

ct
e
d

4̂3
C
QJ
S
1o
U
O

9i
«Ju
.8
T)
£i
tn

<u
^H
OJ

ns

.1'C
u
O

*

0)

A
p
p
lic

a
b
l

-M
O

.S'£
a
u
<

st
a
b
lis

h
e
d

OJ

•sc
1
U



J3
x

3a
"3
H

8
£

8
S
LO

"O
Si

fr'l
1 °
g o

C

u ^j qj
<U
Xi

01
(3

ICO

J3

8

sll
a IIQJ ^ en

LH -*-> QJ

I S |
I1 I.ts -c .-a

D 5
Z ?



I
I

*3 Oa O
T3

•e .o

I

S

*l

g1

«
&j

CM

S
o

E

CQ

S
Bu

^(A

t

1
3

I

i

g.

!
•s

1
en

Si
§i

I

2

I
,3 a

il
ri•S o
(3 tj

O O
.C C
JS <u

(8
T>

I13

ino
sin

.2 S ,3)

S^s
to ^2

S^ 5-1

C

rtil
g
g

O jj

c o
rt C

•g
5< w



AOC-2 Former Wasterwater Lagoon
Summary of Soil Sample Results

Intelidata
New Milford, Connecticut

45- -^JfiftfiW
ifcSrfpKt

4H*

118,400

5.9

2,370

45.4

ND
8.19

Note: Sampling done by Roux Associates

c
ND - Concetrations are below laboratory MDLs
*No criteria were listed because no constituents were detected
NA-Criteria not Applicable
NE-Criteri not established 14 59105.analytical intelidata.xls



AOC-2 Former Wasterwater Lagoon
Summary of Soil Sample Results

Intelidata
New Milford, Connecticut

Chromium
Cobalt
Copper

Iron
Uad.

Mlattganese

Mercury

Nickel

Potassijum

Selenium

Silver

Sodium

Thallium

Vanadium

Zinc

Total Cyanide

RiiSiDEG

SB '
** • •«

NE

NE
2,500

NE
500

NE
NE
20

1,400

NE
340

340

NE
5.4

470

20,000

1,400

t&y-iW^; £* »

^T/t
iHtak^

610

7*500

10,000

NE
160

14,000

610,000

41,000

Note: Sampling done by K&D Associates

ND - Concetrations are below laboratory MDLs
*No criteria were listed because no constituents were detected
NA-Criteria not Applicable
NE-Criteri not established 15

ND

ND

ND

ND

485
10.4

6.9
1.9

15,000
6.8

3,990
440

0.05

13.4
956
0.14
0.25
72

0.18
13.2
31

1.4

59105.analytical intelidata.xls



AOC-2 Former Wasterwater Lagoon
Summary of Soil Sample Results

Intelidata
New Milford, Connecticut

ND - Concetrations are below laboratory MDLs
*No criteria were listed because no constituents were detected
NA-Criteria not Applicable
NE-Criteri not established 16 59105.analytical intelidata.xls
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AOC-4 Former Hazardous Waste Storage Area
Summary of Vault Sample Results

Intelidata
New Milford, Connecticut

Total Rt^tA Metals (mg/Kg)

SPLP RCRA Metals (irig/L)

Total Cyanide (mg^Kg)

*Criteria applies to soil matrix.
It was determined that this vault contained waste oil.

ND - Concetrations are below laboratory MDLs
NA - Criteria not applicable
NT - Not Tested
**No criteria listed b/c no COCs detected 20 59105.analytical intelidata.xls



AOC-4 Former Hazardous Waste Storage Area
Summary of Vault Sample Results

Intelidata
New Milford, Connecticut

Total feGllA. Metals (mg^Kg)

gfetfr R^k Metals (mg/L)

Total Cyanide (mg/Kg)

*Criteria applies to soil matrix.
It was determined that this vault contained waste oil.

ND - Concetrations are below laboratory MDLs
NA - Criteria not applicable
NT - Not Tested
**No criteria listed b/c no COCs detected 21 59105.analytical intelidata.xls
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APPENDIX C

QUALITY ASSURANCE PROJECT PLAN SUMMARY TABLES

Corillian/0037300/0016718/QAPP-final.DOC



INDEX

Table 1: Personnel Responsibilities and QA Project Plan Receipt
Table 2a: Project Schedule Time Line
Table 2b: Media Sampling Schedule
Table 3a: Measurement Performance Criteria - Water - Volatile Organic

Compounds
Table 3b: Measurement Performance Criteria - Water - Total Cyanide
Table 3c: Measurement Performance Criteria - Water - Extractable Total

Petroleum Hydrocarbons
Table 3d: Measurement Performance Criteria - Water - Total Metals
Table 3e: Measurement Performance Criteria - Water - Total Poly

Chlorinated Biphenyls
Table 3f: Measurement Performance Criteria - Soil Vapor - Volatile

Organic Compounds
Table 4: Special Personnel Training or Certification Requirements
Table 5: Document and Record Retention, Archival, and Disposition

Information
Table 6: Sampling Matrix and Analytical Sampling Methods/SOPs
Table 7: Sample Handling System
Table 8: Contaminants of Concern and Other Target Analytes Table

(Reference Limit and Evaluation Table)
Table 9: Analytical Services
Table lOa: Sampling QC - Ground Water - Volatile Organic Compounds
Table lOb: Sampling QC - Ground Water - Extractable Total Petroleum

Hydrocarbons
Table lOc: Sampling QC - Ground Water - Total Metals
Table lOd: Sampling QC - Ground Water - Total Cyanide
Table lOe: Sampling QC - Ground Water - Total Polychlorinated

Biphenyls
Table lOf: Sampling QC - Soil Vapor - Volatile Organic Compounds
Table lla: Analytical QC - 8260B
Table lib: Analytical QC - CT ETPH
Table lie: Analytical QC - 6010B
Table lid: Analytical QC - 9012A
Table lie: Analytical QC - 8082
Table llf: Analytical QC - TO-14A
Table 12: Testing, Inspection and Maintenance of Sampling Equipment

and Analytical Instruments

Corillian/0037300/0016718/QAPP-final.DOC



i.v INDEX (continued^

Table 13: Equipment and Instrumentation Calibration
Table 14: Inspection/Acceptance Testing Requirements for Consumables

and Supplies - Laboratory
Table 15: Critical Supplies and Consumables Tracking Log - Field

(example)
Table 16: Assessments
Table 17: QA Management Reports
Table 18: Data Validation Summary

ERM Coi-illian/0037300/0016718/QAPP-final.DOC
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Table 6: Sampling Matrix and Analytical Sampling Method/SOPs

Sampling
Location1'2

1

1

2

2

Location
ID

Number

ERM-6

ERM-11

ERM-13

ERM-14

ERM-6

ERM-11

ERM-13

ERM-14

MW-1

MW-2

MW-3

ERM-1

ERM-2

ERM-3

ERM-7

ERM-9

ERM-10

ERM-1 6

INJ-1

BR-1

BR-2

Medium/
Matrix

Ground Water

Ground Water

Ground Water

Ground Water

Sampling Event

SVE/AS Opt GWM

Post-Remedial/Compliance GWM

Post-Remedial/Compliance GWM

Post-Remedial/Compliance GWM

Analytical Parameter

VOCs, plus 1,4-
dioxane (8260)

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Total Cyanide

X

X

X

X

X

X

X

X

CT ETPH

X

X

X

X

X

X

X

Total Ba, Cr,
Cu, Pb, Zn

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Total PCBs

X

X

X

VOC
(TO-14A)

QA/QC Samples

Duplicates

X

X

X

MS/MSD

X

Screen
Depth
(feet)

3.5-13.5

8.0-18.0

5.5-15.5

5.0-15.0

3.65-13.65

8.0-18.0

5.5-15.5

5.0-15.0

4.10-14.10

7.30-17.30

7.40-17.40

4.80-14.80

4.85-14.85

4.45-14.45

3.35-13.35

5.0-25.0

4.75-14.75

8.0-11.0

5.0-15.0

Open hole
100

Open hole
120

Sample
Depth (feet)

Middle of Water
Column (if > 4'
from bottom of

well)3

Mid Point of
Water Column

# Samples
(include field
duplicates/
replicates)

4

8

4

4

8

24

16

8

8

8

8

8

8

8

8

8

8

8

8

8

8
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Table 6: Sampling Matrix and Analytical Sampling Method/SOPs

Sampling
Location1'2

1

Location
ID

Number

BR-3

BR-4

BR-5

MW-17

SVE-1

SVE-2

SVE-3

SVE-4

SVE-5

SVE-6

SVE-7

Medium/
Matrix

Soil Vapor

Sampling Event

SVE/AS Opt GWM, and Post-
Remedial/Compliance GWM

Sampling SOP

Sample Volume

Containers #, size, type

Preservation (chemical, temperature, light protected

Analytical Parameter

VOCs, plus 1,4-
dioxane (8260)

X

X

X

X

SW-846 8260B

80ml

2, 40 ml, glass w/teflon

HC1 to pH<2, Cool 4 °
C, amber glass

Maximum Holding Time To Preparation and Analysis 14 days

Total Cyanide

SW-846 9012A

500ml

1,500ml,
glass/plastic

NaOH to pH>12,
Cool 4°C

14 days

CT ETPH

CTETPH

1L

1, 1L, amber glass
w/teflon

HC1, Cool to 4°C,
amber glass

Extracted 14 days
Analyzed 40 days

Total Ba, Cr,
Cu, Pb, Zn

X

X

X

SW-846 6010B

500ml

1, 250 ml,
glass/plastic

HNO3topH<2, Cool
4°C

6 months

Total PCBs

SW-846 8082

1L

1 , 1 L, glass/teflon

Cool 4°C, amber
glass

Extracted 14 days
Analyzed 40 days

voc
(TO-14A)

X

X

X

X

X

X

X

X

TO-14A

6L

1.6L,
silco steel

None

28 days

QA/QC Samples

Duplicates

X

MS/MSD

Screen
Depth
(feet)

Open hole
120

Open hole
120

Open hole
120

Unknown

2.5-6.5

3.0-7.0

2.5-6.5

3.0-7.0

3.0-7.0

3.0-7.0

3.0-7.0

Sample
Depth (feet)

Mid Point of
Water Column

Middle of Water
Column (if > 4'
from bottom of

well)3

Soil Vapor
Sample

Collected from
Entire Length of

Screen

# Samples
(include field
duplicates/
replicates)

8

8

8

8

32

32

32

64

32

32

32

'indicate critical field sampling locations"'".

2Indicate background sampling locations 2.

3If the water column is less than 4' thick, the pump intake will be set a minimum of 2' from the bottom of the well, as allowable, or at the least practicable depth if the depth to water is less than 2' from the bottom of the well.

ERM Corillian/0037300/0016718/QAPP-final-revl.DOC



Analyte

Acetone

Bromomethane

2-Butanone (MEK)

n-Butylbenzene

Chloroethane

Chloroform

1,2-Dibromoethane (EDB)

1 ,2-Dichlorobenzene

1 ,3-Dichlorobenzene

1 ,4-Dichlorobenzene

1,1-Dichloroethane

1 ,2-Dichloroethane

1,1-Dichloroethene

cis-1 ,2-Dichloroethene

trans-1 ,2-Dichloroethene

4-Isopropyltoluene

Methyl tert-butyl ether

Methylene chloride

Naphthalene

Tetrachloroethene

Toluene

1,1,1 -Trichloroethane

Matrix

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Table 8: Project Action Limits

Proposed GW
Res VC (ug/L)

50,000

NE

50,000

1,500

12,000

26

0.3

5,100

4,300

1,400

3,000

6.5

190

830

1,000

1,600

21,000

160

—

340

7,100

6,500

Proposed GW
I/C VC (ug/L)

50,000

NE

50,000

21,000

29,000

62

11

50,000

50,000

34,00

41,000

68

920

11,000

13,000

22,000

50,000

2,200

—

810

41,000

16,000

SWPC (ug/L)

—

—

—

—

—

14,100

—

170,000

26,000

26,000

—

2,970

96

—

—

—

—

48,000

—

88

4,000,000

62,000

Proposed Soil Vapor Res
VC (ppmv)

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

Proposed Soil Vapor I/C
VC (ppmv)

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

Project
Quantitation

Limit (dry weight)

20ug/l

2.00 ug/1

10.0 ug/1

1 .00 ug/1

2.00 ug/1

1.00 ug/1

0.500 ug/1

1.00 ug/1

1.00 ug/1

1.00 ug/1

1.00 ug/1

1.00 ug/1

1.00 ug/1

1.00 ug/1

1.00 ug/1

1.00 ug/1

1.00 ug/1

10.0 ug/1

1.00 ug/1

1.00 ug/1

1.00 ug/1

1.00 ug/1

Achievable Laboratory Limits

MDLs2

2.56 ug/1

1.65 ug/1

2.43 ug/1

0.620 ug/1

0.7 10 ug/1

0.800 ug/1

0.1 60 ug/1

0.540 ug/1

0.570 ug/1

0.450 ug/1

0.330 ug/1

0.420 ug/1

0.590 ug/1

0.390 ug/1

0.930 ug/1

0.5 10 ug/1

0.260 ug/1

0.580 ug/1

0.660 ug/1

0.5 10 ug/1

0.640 ug/1

0.530 ug/1

QLs2

20.0 ug/1

2.00 ug/1

10.0 ug/1

1.00 ug/1

2.00 ug/1

1 .00 ug/1

0.500 ug/1

1.00 ug/1

1.00 ug/1

1 .00 ug/1

1.00 ug/1

1.00 ug/1

1.00 ug/1

1.00 ug/1

1.00 ug/1

1.00 ug/1

1 .00 ug/1

10.0 ug/1

1 .00 ug/1

1 .00 ug/1

1 .00 ug/1

1 .00 ug/1
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Analyte

1 , 1 ,2-Trichloroethane

Trichloroethene

1 ,2,4-Trimethylbenzene

1 ,3,5-Trimethylbenzene

Vinyl chloride

Total Lead

Total Chromium*

Total Barium

Total Zinc

Total Copper

Total Cyanide

CT ETPH

Bromomethane

Chloroethane

Chloroform

1,2-Dibromoethane (EDB)

1 ,2-Dichlorobenzene

1 ,3-Dichlorobenzene

1 ,4-Dichlorobenzene

1 , 1 -Dichloroethane

1 ,2-Dichloroethane

1,1-Dichlorethene

cis-1 ,2-Dichloroethene

Methyl tert-butyl ether

Matrix

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water

Ground
Water
Soil

Vapor
Soil

Vapor
Soil

Vapor
Soil

Vapor
Soil

Vapor
Soil

Vapor
Soil

Vapor
^ Soil

Vapor
Soil

Vapor
Soil

Vapor
Soil

Vapor
Soil

Vapor

Table 8: Project Action Limits

Proposed GW
Res VC (ug/L)

220

27

360

280

1.6

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

Proposed GW
I/C VC (ug/L)

2,900

67

4800

3900

52

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

SWPC (ug/L)

1,260

2,340

—

—

15,750

13

110

—

123

48

52

—

—

—

—

—

—

—

—

—

—

—

—

—

Proposed Soil Vapor Res
VC (ppmv)

—

—

—

—

—

—

—

—

—

—

—

—

—

140

0.078

0.0005

9.2

9.2

3

14

0.013

1.9

3.4

34

Proposed Soil Vapor I/C
VC (ppmv)

—

—

—

—

—

—

—

—

—

—

—

—

—

260

0.14

0.0007

95

95

5.5

150

0.11

7

35

73

Project
Quantitation

Limit (dry weight)

1 .00 ug/l

I.OOug/1

1.00 ug/1

1.00 ug/1

1 .00 ug/1

7.50 ug/1

5.00 ug/1

5.00 ug/1

5.00 ug/l

5.00 ug/1

1 .00 ug/1

0.1 00 ug/1

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

Achievable Laboratory Limits

MDLs2

0.930 ug/1

0.460 ug/1

0.660 ug/1

0.540 ug/1

0.860 ug/1

2.30 ug/1

2.40 ug/1

1.70 ug/1

3.90 ug/1

1.60 ug/1

4.00 ug/1

0.0200 ug/1

0.000430 ppmv

0.000470 ppmv

0.000230 ppmv

0.000 160 ppmv

0.000 180 ppmv

0.000 190 ppmv

0.000500 ppmv

0.000240 ppmv

0.000220 ppmv

0.000220 ppmv

0.000 120 ppmv

0.000 120 ppmv

QLs2

1 .00 ug/1

1 .00 ug/1

1 .00 ug/1

1 .00 ug/1

1 .00 ug/1

7.50 ug/1

5.00 ug/1

5.00 ug/1

5.00 ug/1

5.00 ug/1

1 .00 ug/1

0.1 00 ug/l

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv
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Analyte

Methylene chloride

Tetrachloroethene

Toluene

1,1,1 -Trichloroethane

1 , 1 ,2-Trichloroethane

Trichloroethene

1 ,2,4-Trimethy Ibenzene

1 ,3 ,5-Trimethy Ibenzene

Vinyl chloride

Matrix

Soil
Vapor
Soil

Vapor
Soil

Vapor
Soil

Vapor
Soil

Vapor
Soil

Vapor
Soil

Vapor
Soil

Vapor
Soil

Vapor

Table 8: Project Action Limits

Proposed GW
Res VC (ug/L)

—

—

—

—

—

—

—

—

—

Proposed GW
I/C VC (ug/L)

—

—

—

—

—

—

—

—

—

SWPC (ug/L)

—

—

—

—

—

—

—

—

—

Proposed Soil Vapor Res
VC (ppmv)

0.65

0.56

42

70

0.31

0.14

1.4

1.4

0.041

Proposed Soil Vapor I/C
VC (ppmv)

6.8

1

180

130

3.1

0.26

15

15

1

Project
Quantitation

Limit (dry weight)

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

Achievable Laboratory Limits

MDLs2

0.000220 ppmv

0.000 130 ppmv

0.000 150 ppmv

0.000200 ppmv

0.000 180 ppmv

0.000 150 ppmv

0.000200 ppmv

0.000 150 ppmv

0.000340 ppmv

QLs2

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

0.000500 ppmv

"Analytical Method Detection Limits (MDLs) and Quantitation Limits (QLs) documented in validated methods. QLs can be 3-10 times higher than the MDLs, depending on the specifications from the Data Quality Objectives
established for the project.

2Achievable MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method.
* No criteria established for total chromium, SWPC for hexavalent chromium used as conservative comparison standard
Proposed GW Res VC - CT Department of Environmental Protection (CT DEP) Proposed Residential (Res) Volatilization Criteria (VC) for Ground Water
Proposed GW I/C VC - CT DEP Proposed Industrial/Commercial (I/C) VC for Ground Water
SWPC - CT DEP Remediation Standard Regulations (RSR) Surface Water Protection Criteria for Ground Water
Proposed Soil Vapor Res VC - CT DEP Proposed Res VC for Soil Vapor
Proposed Soil Vapor I/C VC - CT DEP Proposed I/C VC for Soil Vapor

ERM Corillian/0037300/0016718/QAPP-final.DOC
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Hs

s " «>5> 2 8 .
s d S (

b « -^ - § '
U -Q ̂  Q S ,£ -° o o e
o ^2 ̂  a c2 t
o -g T x^ c«j g o d o

DH id IT) sj U

tn
d a

5-i^•aCJ U

s s3 £

11
^<CO
O ^ t-i*3 4." (U

2 >, g*^f 1J^ l

If
 c

om
po

un
ds

 o
ut

,
co

m
pa

re
 to

 L
C

S;
 if

L
C

S 
re

co
ve

ri
es

 i
n

no
te

 i
n 

na
rr

at
iv

e.

<uu
•>B
(L>

JD

-£2
g

— ' X?

b^ SOj :i_ (^
> ^ VI

§^ S<U o °1
04 m «

O en
(N OJ
£."0.i? a
> KJ

W M

u
IS
0

"&,=s
Q

•s_)



S
OH
H
U
H
U
I

U

o &
td ^ 15 bO T!S. _o > _a 5;
T3 'V T3 "& PH UJ ^

S J g W U
O O

53 --. i/iu ^ a

1 fe § " 8 1i O £ 5 £ o
S! 00 K _]
1 en "g "g <£ 3
3 *-^ "*-* "*-* rv .̂ r". a d , >•> >~> a

"O S cd n) OH cd
^ § a a o ^^ oo < < oo *t

M
ea

su
re

m
en

t
P

er
fo

rm
an

ce
C

ri
te

ri
a

*"̂  C^
OS N^̂

3 ^

o»|
"S •-
o •§

•H

V
/— s TJ

MQ ^3 ĵ
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ĥH

0)

P
er

so
n(

s)
R

es
po

ns
ib

l
fo

rC
A

ao•5u<J<
^*H

.̂
1
Ô
U

-̂^
•PN

CLi lj
0 «
r>l CJ

i a
? 5ja a.
•J- 4>
0> cj

^H fl^r ^*g <
Ua

>.,
u S5
d 2

|eST s
^ ^7-i. Z

tlH

L
ab

or
at

or
y 

Q
C

:

+1
^x=fll N~

>5^i
O C M
0)

04

S
•.— (

OQ

fro1

2 *j it!
ll-s*
^1 35-51

•V

_

"S,
i

TO CO

d cuRJ ja

III
•81 S?ed c3 «

N=
O
IT)
CN

+ 1

.̂Ctu
0o
£
u^
O

J3 O co
0 CM U

|£l

&S ^

•*
On

OO
_ > <

SS
43

CS

0̂
CM
V I
Q
Cu
2

c?

û
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CALCULATING THE 95% UPPER CONFIDENCE
LEVEL (UCL)

STATEMENT OF PURPOSE

The confidence level is a tool for acknowledging uncertainties and variability within an
environmental data set without presenting an unacceptable risk to human health or the
environment. In environmental studies, the uncertainties are commonly due to limited
sampling data. The 95% upper confidence level defines a value that equals or exceeds
the true mean 95% of the time. The RSRs allow for the use, in some instances, of this
statistical method to demonstrate compliance with the Direct Exposure Criteria (DEC)
and/or the Pollutant Mobility Criteria (PMC). This statistical method can only be used
when no single sample concentration exceeds twice the applicable concentration.

DATA COLLECTION

A sufficient number of samples must be collected to adequately characterize each area of
concern. The Department expects at least 20 samples for each release area. Also the
samples must be collected from the same stratigraphic unit or area of concern. For
instance, if soil contamination is consistently found at the water table, at a high organic
content layer, or at an area of lower permeability, then that stratigraphic unit should be
subject to sampling and statistical analysis. The 95% UCL is not intended to average
concentrations across a site or release area without regard to contaminant distribution.

When laboratory analyses for a sample indicate that the substance of concern is not
detected above the method detection limit, one-half of the detection limit should be used
for that sample concentration value when calculating the 95% UCL.

DETERMINING NORMALITY

The first step in the statistical analysis is to determine normality. Determining the
distribution of the data is necessary for selecting the proper equations for the calculation
of the 95% UCL. The Department recommends the W-test, but other appropriate tests for
normality may be used. If sufficient data exists, a normal probability plot of the data
(either raw or transformed with the natural logarithm function) may be sufficient to
determine the normality of the data set. If the normality of the data set is not obvious
from the normal probability plot, alternative methods for the normality analysis must be
utilized.
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LOG NORMALLY DISTRIBUTED DATA SETS

The following steps are taken to calculate the 95% UCL for log normally distributed data.

• Transform the data set by calculating the natural logarithm of each data point (ln(x)).
• Calculate the standard deviation of the transformed data (s).
• Determine the H-statistic for computing a one-sided 95% upper confidence level on a

lognormal mean - interpolating where necessary (Gilbert, 1987 or other statistics
reference).

• Calculate the 95% UCL utilizing the following equation:

-
UCL= e y

Where: y= mean of the transformed data.
s = standard deviation of transformed data s = n(y 2)-( y) 2

n(n-l)
H= H-statistic (from reference tables in Gilbert or other statistics

reference).
n = number of samples.
e = constant (base of the natural log = 2.718)

EXAMPLE
LOG NORMALLY DISTRIBUTED DATA

Data set for hexavalent chromium (mg/kg) in soils: 10, 13, 180, 97, 85, 101, 125, 77, 27,
13, 15, 100, 65, 32, 14. The residential and industrial/commercial DEC is 100 mg/kg.

1. Check that each sample concentrations is less than twice the applicable criteria.

2. Check the normality of the data. Assume these data are log normally distributed.

3. Transform the data by taking the natural log of the data (ln(x)).

x (mg/kg)
10
180
85
125
27
15
65
14

ln(x)=y
2.30
5.19
4.44
4.83
3.30
2.71
4.17
2.64

\ (mg/kg)
13
97
10]
77
13
100
32

ln(x)=y
2.56
4.57
4.62
4.34
2.56
4.61
3.47
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- 4. Calculate the UCL using the transformed data.

• Mean of transformed data: y= 3.76.
• Standard deviation of transformed data: s = n(T v2)-^ y)2 = 0-997

n(n-l)
• H-statistic (from reference tables) H= 2.744 (based on 95%).
• Number of samples n= 15.

Plugging into the UCL equation:

. UCL = e<"+°-5(0-997>2+ <«»970.7*iy,/pMj) _ U6 mg/kg

Therefore, the calculated 95% upper confidence level of 146 mg/kg is greater than the
residential and industrial/commercial DEC of 100 mg/kg.

NORMALLY DISTRIBUTED DATA SETS

Environmental data sets are occasionally normally distributed. If a data set is normally
distributed then the following steps are taken to calculate the 95% UCL.

• Calculate the arithmetic mean of the data.
• Calculate the standard deviation of the data.
• Determine the one-tailed t-statistic where 1- = 0.95 and 12 = 0.025 (from

reference tables in Gilbert or other statistic reference).
• Calculate the UCL.

UCL= x +

Where: x= mean of untransformed data
s= standard deviation of untransformed data s = n( x "*)-( x)

n(n-l)
t = student-t statistic
n= number of samples

EXAMPLE
NORMALLY DISTRIBUTED DATA

Data for carbon tetrachloride in soils (in mg/kg) are: 0.7, 0.5, 0.3, 0.35, 0.9, 1.0, 1.1, 0.7,
1.1, 0.8, 0.9, 0.4, 0.45, 0.2, 1.2. The GB PMC is 1 mg/kg.

1. Check that each sample concentrations is less than twice the applicable criteria.
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2. Check the normality of the data. Assume these data are normally distributed.

3. Calculate the UCL.

• Mean of the data: jc = 0.71.
• Standard deviation of the data set: s = 0.32
• Student-t statistic (from reference tables): t (0.025) = 2.145
• Number of samples: n = 15

Plugging these numbers into the UCL equation for normally distributed data sets:

UCL = 0.71 + 2.145 (0.32/^1?)= 0.89 mg/kg

Therefore the calculated 95% upper confidence level of 0.89 mg/kg is less than the GB
PMC of 1 mg/kg.

REPORTING

Include all calculation sheets, including any graphing or calculations performed to
determine normality, in reports submitted to the Department.

REFERENCE

Gilbert, Richard O., 1987. Statistical Methods for Environmental Pollution Monitoring.
Van Nostrand Reinhold, New York.

U.S. EPA, Supplemental Guidance to RAGS: Calculating the Concentration Term. EPA
Publication 9285.7-081, May 1992.
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DRAFT
SITE CHARACTERIZATION

GUIDANCE DOCUMENT

June 12, 2000

This draft guidance document has been developed by the
Connecticut Department of Environmental Protection, Bureau of
Water Management. The Department recognizes the benefits of
involving environmental consultants, the regulated community and
other interested parties in the development of this guidance. All
interested parties are strongly encouraged to provide written
comments.

This guidance document is designed to be accompanied by detailed
guidance on special topics of interest. These detailed guidances will
be developed on an on-going basis. As these topics are drafted, they
will be forwarded to EPOC for inclusion on their web page. The

^ detailed guidance will be posted with a date for submission of written
comments.

The Department will be accepting comments on this document and
the accompanying detailed guidance until September 15, 2000.

Address all comments to:

Kenneth R. Feathers
Permitting, Enforcement and Remediation Division
Bureau of Water Management
Connecticut Department of Environmental Protection
79 Elm Street
Hartford, CT 06106-5127

e-mail: Kenneth.feathers(o)po.state.ct.us
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SITE CHARACTERIZATION GUIDANCE

INTRODUCTION

This Site Characterization Guidance Document has been developed by the Connecticut
Department of Environmental Protection (DEP) to guide persons involved in preparing and reviewing
environmental site assessments of potentially contaminated properties. This guidance document
recommends a phased approach to characterizing environmental conditions at a site. For each phase, the
document identifies the goals and objectives of the phase, suggests issues to be evaluated, and provides
more detailed guidance on specific issues. Appendix I is a list of topics for which more detailed guidance
is available.

At each phase, the investigator should formulate a conceptual site model and use that model to
evaluate existing information, guide additional investigation and develop an understanding of the site
conditions and the distribution of pollutants in the environment. Developing and refining a conceptual site
model is an iterative process and should be applied to each aspect of the site characterization process. .

This document is also intended to be used as a guide for ensuring that sufficient data is obtained at
a site to document whether remedial measures have successfully achieved compliance with the
Remediation Standard Regulations, Sections 22a-133k-l through -3 of the Regulations of Connecticut State
Agencies (the RSRs). The reader should refer to those regulations for the specific requirements and
standards.

The phases of site assessment and characterization are as follows:

Phase I
A Phase I site assessment is an investigation of the existing and past uses of a site for the

„.. purpose of identifying all areas on a site at which pollutants may have been released to
. the environment. Such areas may be identified as "areas of concern" or "potential release
^*" areas".

Phase II
A Phase II site assessment is an investigation of each area of concern or potential release
area to determine whether or not pollutants have, in fact, been released to the
environment.

Phase III
A Phase III site assessment is an investigation that fully characterizes the nature and
extent of contamination resulting from any release which has occurred on a site. A Phase
III site assessment will result in an understanding of the hydrogeologic conditions on and
in the vicinity of the site, an understanding of the distribution of pollutants that have been
released at a site and an understanding of how that distribution in the environment will
change with time. While remedial actions to abate pollution may be taken at any time in
the course of characterizing a site, only after a complete phase III investigation can a final
remedial action plan be developed.

This guidance provides the general framework for conducting an appropriate investigation. It is
not a procedures manual. The DEP encourages the development of new approaches to site assessment as
long as the approach yields information that is sufficiently accurate for the intended purpose of the
investigation.

While the components of a comprehensive site assessment are presented in three major phases of
investigation, it is recognized that in many situations, it may be cost-effective to combine Phase I and Phase
II or Phase II and Phase III. In many circumstances the environmental professional may conduct activities
consistent with Phase III for one part of a site while conducting activities consistent with Phase I or II for
other parts of the site. For the purposes of this document the phases are presented sequentially. However,

'"""* as long as the goals of each phase are met and any report clearly identifies what stage in the process of site
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,' characterization has been achieved, the environmental professional may conduct the assessment,
V.,- investigation, evaluation and confirmation activities in any combination that makes sense for a particular

site.
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CONCEPTUAL SITE MODELS

A conceptual site model (CSM) is a representation of an environmental system. It may be as
simple as a narrative description of what one knows about a site, or it may be as sophisticated as a detailed
description accompanied by cross sections and maps that explain and depict the distribution of a ground
water plume in three dimensions. It is the process of developing and validating a CSM that is integral to
the process of adequately characterizing the environmental conditions at a site.

Many people think of a CSM as a tool for identifying releases, pathways of migrations, potential
receptors and ultimately risk. However, the process of developing and refining a CSM can be effectively
applied to every aspect of investigating a site. For example, a CSM can be developed to address the
problem of identifying all potential release areas for a Phase I investigation. One can be developed to
describe and represent how a plume interacts with a receiving surface water body, or a CSM can be
developed to describe how a remedial measure will achieve compliance with the RSRs. For every problem
that must be solved or issue that must be addressed in the process of characterizing the environmental
conditions of a site, a conceptual site model will provide the framework for a solution.

COMPONENTS OF A CSM

A conceptual site model consists of the following components:

A statement of the problem,

An evaluation of existing data that bears on the problem and an evaluation of the quality of the existing
data,

The development of initial hypotheses or conceptual site models,

The identification of data gaps or issues that are not clear,

The collection of additional data to clarify and test the hypotheses,

The refinement of the conceptual site model such that only one hypothesis can explain the data in a rational
manner,

The validation of the model by ensuring that all data gaps have been filled to the degree necessary to
resolve the original problem and that model can be used to predict environmental conditions on the site.

Developing, refining and validating a conceptual site model is really the application of the
scientific method to site characterization. It is the process of evaluating and testing various hypotheses
about what going on at a site until you are comfortable that you know enough about a site to make a
reasonable decision. It is also the process of understanding what you know and what you assume to be true
about a site.
Finally, a conceptual site model is a tool for explaining to others - whether the DEP, a property owner a
neighbor or another environmental professional - the basis and rationale for the site investigation and the
conclusions drawn about the site.

On the following two pages are the basic elements first in the Conceptual Site Model Process and then in
the Site Characterization Process. It should be remembered that the CSM process can and should be
applied to every phase of the site characterization process.
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Site Characterization Process

Identify AOCs and COCs

Identify Release Areas

Identify Hydrogeologic and Physical Setting

Identify the 3-D Distribution of COCs in Soil,
Sediment, Soil Vapor, Air, Ground Water or Surface
Water

Identify the Potential Future Extent of the Ground
Water Plume Which Emanates from a Release

Identify Soil, Ground Water, Surface Water,
Sediments, or Soil Vapor Which Exceed RSRs; and
Identify Receptors or Potential Receptors

Identify Remedial Measures, Evaluate Remedial
Action Performance

Document the Distribution of COCs after Remediation
and Demonstrate that Remedial Measures Have
Achieved Compliance with the RSRs
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Conceptual Site Modeling Process

Define the Problem or Issue and Data Quality
Objectives

Evaluate Existing Data

Develop an Initial Hypothesis about "What's
Going On" (Conceptual Site Model)

Identify Data Gaps

Collect Additional Data —* Revise Initial
Hypothesis (Refine the Conceptual Site
Model)

Identify Additional Data Gaps —* Collect
More Data Refine Model —* Validate
Model

Apply the Validated Model to the Original
Problem

Document the Assumptions and Conclusions
Drawn to Resolve the Original Problem
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PHASE I SITE ASSESSMENTS

INTRODUCTION

The purpose of a Phase I Site Assessment is to determine existing and past uses of a site and
activities at the site that may have resulted in the release of pollutants to the environment. The goal of the
assessment is to identify all areas at which pollutants may have been released. The scope of a Phase I
generally involves a review of historical information, interviews with people familiar with past and present
operations at the site, and visual observations made during a site walkover or inspection.

Many Phase I reports describe in detail existing and past land uses, but do not characterize how and where
such uses may have resulted in a release of pollutants to the environment.

COMPONENTS OF A PHASE I ASSESSMENT

Site History

A well-documented site history helps define the conceptual site model (CSM). A review of site
history should trace the industrial, commercial and agricultural uses of the site as far back as possible.

The Department's Transfer Act Site Assessment Guidance Document, dated June 1989 revised November
1991, lists many of the common sources of information required for a Phase I assessment. But it is not a
checklist. To understand where releases might have occurred is so important a part of the Phase I CSM
every effort should be made to gather information that clarifies where historical activities took place. The
ASTM standard for Phase I site assessments is also a useful guide to the types of information that should be
reviewed to determine past land uses. However, the ASTM standard does not place sufficient emphasis on
understanding the historical activities that may have created a release and linking them to a listing and
description of all potential release areas on the site.

In addition to the general site history, a review of the compliance history of current and former
owners/operators at a site should be completed. Department files should be reviewed for regulatory
identification, permits, inspection reports, and enforcement history and spill reports. Federal databases and
local regulatory files should also be reviewed. Again, any information that sheds light on what activities
took place at the site that may have resulted in the release of pollutants and where such activities took place
should be sought out.

Physical description

A physical description of the site and the operations, both past and present, are required in order to
develop an understanding of the site and how and where pollution may have entered the environment. In
general, such a description should include the site and environs, as well as a more detailed physical
description of the facility.

A comprehensive Phase I CSM should not be limited to the physical boundaries of the site.
General characteristics of the site and environs are fundamental components of the CSM. These
characteristics include, but are not limited to, topography, surrounding land use, local geology and
hydrogeology, groundwater uses and classification, relation to surface water bodies and wetlands, and the
presence of potential receptors. Although, in a Phase I, very general information about these characteristics
may suffice to develop a useful CSM.

A description of the physical layout of current and past operations at the site is also fundamental
for the CSM. The CSM should include a representation of how materials were received; manufactured,
handled, stored and disposed, as well as any other activity on the site that may have resulted in a release.
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Just as changes in ownership or land use are routinely identified in a phase I, changes in processes and
materials should also be identified.

Review of Previous Investigations and Remediation

Work performed by other consultants or for other purposes at the site must be reviewed and the
data quality must be assessed in light of the objectives of the assessment before that data can be
incorporated into the Phase I and the CSM. It is important to review the purpose and limitations of the
previous work before utilizing the data in a new assessment. A critical review of the previous work should
include an assessment of the appropriateness of sample locations (including well placement and screening
intervals), appropriateness of the analytical program, laboratory detection limits, consistency of the
conclusion with the current CSM.

Site Walkover

It is often not possible for a reviewer or other interested party to visit the site. One of the primary
purposes of the walkover is to form the basis for the visual image that the Environmental Professional will
communicate to the reviewers and other interested parties. Some observations and impressions that can
only be made or formed during a site visit. The walkover verifies the site information, reveals site
characteristics or operations that may not have been reported in the written documents or revealed through
interviews, and may disclose visual indications of potential sources of contamination. For example, site
visits may reveal the presence of pipes of unknown origin, floor drains, or old disposal areas.

Findings, Conclusions, Recommendations

At the end of a Phase I assessment the Environmental Professional should be able to create and
communicate a representation of the environmental conditions of the site. This representation would
include current and past operations at the site, potential areas of concern and potential contaminants of
concern. The assumptions made in developing the conceptual site model should be identified and the
rationale for drawing conclusions about what and where areas of concern exist should be documented in the
report.
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PHASE II INVESTIGATIONS

INTRODUCTION

The purpose of a Phase II investigation is to determine if a release has occurred at potential areas
of concern identified during the Phase I assessment. Phase II investigations are not designed to fully
document the extent of the release; full documentation of the extent of the release is the purpose of a Phase
III evaluation. In some instances, a Phase II investigation may determine that a release has not occurred and
that no further work is necessary. In other instances, the fact that a release has occurred may be so obvious
that no sampling is needed to confirm it. In such circumstances, any sampling should be designed for the
purpose of a Phase III determination of the extent of contamination associated with the release. In effect,
each AOC warrants a distinct investigation. However, a complete Phase II must evaluate every AOC
resulting from activities on a site and document that evaluation.

I The most common problem that DEP has identified with Phase II investigations is the failure to document 1
the rationale for concluding that an AOC identified in the Phase I needs no further investigation. |

COMPONENTS OF A PHASE II INVESTIGATION

The Conceptual Site Model developed in a Phase II evaluation should provide an understanding of
how substances might have been released at each AOC, and, if so, how and where they might have affected
the environment. A fully developed Phase II CSM will:

• describe the site, environs and each AOC identified in the Phase I,
• identify substances that may have been released at each AOC (substances of concern)
• identify potential release mechanisms for such substances,
• evaluate migration pathways and identify the location at which environmental media are most likely to

have been impacted by a release,
• identify AOCs at which releases have occurred as well as AOCs at which no release has occurred,
• provide the data and rationale to support the conclusions

When developing a Phase II scope of work, consideration should be given to the data quality
objectives of the study. Generally, in a Phase II there are two possible conclusions, which require different
data sensitivity. To conclude that at an AOC a release has occurred may require less sensitive data. Simple
observations or field screening results may provide sufficient data for such a conclusion. On the other
hand, to conclude that, in fact, no release has occurred requires data that are much more sensitive. For
example, in order to conclude that no release has occurred at an AOC and to preclude further investigation,
analytical protocols should be chosen that would provide the lowest practical detection limits.

1 Composite samples should not be used for the purposes of determining whether or not a release has
occurred. |

Data quality objectives should also be considered when determining the suite of analytical
parameters and the number of sampling locations needed to determine whether or not a release has
occurred. Fundamentally, the more that is known about exactly what materials and where they were used,
stored or disposed of on a site, the more focussed the sampling and analytical program can be. The range
of analytical parameters that must be assessed increases as the uncertainty of the types of substances used,
stored or disposed at a site increases.

[ Another common problem that DEP reviews have identified with Phase II investigations is using data I
collected specifically to determine the presence or absence of pollutants to conclude that no remediation is |
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necessary. If Phase II data indicate that a release has occurred but that the initial results are less than RSR
criteria, sufficient sampling must be conducted to fully understand the distribution of pollutants in all
potentially affected media before concluding whether or not remediation is necessary.

Areas of Concern (AOCs) and Potential Release Mechanisms

In a Phase I investigation areas of concern are identified. In a Phase II, each AOC should be
evaluated from the perspective of how and what pollutants might have been released, how they were
released and, if they were, what effect on the environment might they have. A logical sequence in
evaluating release mechanisms and pathways is to follow, conceptually, the pathway of an SOC from
delivery to, or manufacturing at, the facility, through its storage, use and disposal.

For example, if, at a loading dock, a tanker truck routinely unloaded solvents into storage tanks,
the loading dock is an AOC. In addition to the potential subsurface spill from the storage tanks, another
potential release mechanism may be a surface spill from the tanker, and the migration pathway may be
overland flow to a low point on the fringe of the paved apron of the loading dock. The sampling locations
should include soil in the area most likely to have been the low point, as well as soil and soil vapor in the
immediate vicinity of the storage tanks.

The following is a list, although not exhaustive, of types of areas of concern. For each, a Phase II
CSM should depict how compounds might be released, what media they might affect and where such
effects might be observable or measurable.

Above Ground Source Areas

• Aboveground storage tanks (ASTs)
• Interior chemical storage areas
• Exterior chemical storage areas
• Transformers, capacitors and other equipment with PCBs
• Dumpsters

Infrastructure-Related Source Areas -

• Drainage structures (Floor drains)
• Back-door disposal areas
• Loading docks and delivery areas
• Underground utilities
• Material handling areas and track ways
• Degreasing areas, plating lines, other process areas that may include sumps and

trenches
• Roof drains, air vents

Underground Source Areas

Land Disposal

Underground storage tank areas (USTs)
Septic tanks and leachfields
Sewer, stormwater pipes and other buried waste pipes
Dry wells

• Landfills (permitted or not)
• Piles, pits, trenches, wastewater lagoons
• Artifical fill
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Substances of Concern

The Phase I report should have identified the individual substances or constituents of concern
(SOCs or COCs) that are currently, or have been, used, stored, or disposed at the facility. The Phase II
should, in addition, reflect the chemical fate and transport behavior of the identified SOCs. In the
development of the CSM, consideration should be given to:

• constituent chemicals of each substance that may have been released, breakdown products,
and potential chemical reactions which could occur and change the chemical signature of the
released substance, and

• the effects of SOCs on field parameters or other common indicators, such as pH, eH, specific
conductance, dissolved oxygen, and total dissolved solids.

Migration Pathways, Receiving Media and Receptors

The Phase II CSM should focus on the most likely media in which the effects of a release would
be identifiable, and the most likely point of potential release. In addition, however, the CSM should also
take into account how the SOC will move within the media. Releases of SOCs may have an impact on
buildings or structures, air, soil, ground water, surface water, sediments, or may have multi-media impacts.

How much is known about a release including its exact location, and the amount released will
influence sampling strategies. Focused sampling can be conducted in those instances when the nature of
the release and its location is very well understood. However, when the exact location of an AOC is not
known, broader screening sampling strategies may be more appropriate. In many circumstances, sampling
of ground water and/or soil vapor is useful and often necessary to validate soil sampling conclusions.

Reporting Issues

A report prepared at the end of the Phase II investigation should document the conceptual model
developed for the site, including the following:

• Detailed description of each AOC, including the SOCs and the likely pathways for potential releases.
Description of the environmental media and location most likely to have been affected had there been a
release at each of the AOCs

• The sampling rationale and information used to evaluate each AOCs
• The assumptions and rationale used to conclude whether, in fact, there had been a release at an AOC.
• The assumptions and rationale for concluding that, in fact, there had not been a release of pollutants at

an AOC.
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v. PHASE III INVESTGATIONS

INTRODUCTION

The purpose of a Phase III hydrogeologic investigation is to fully define the nature and extent of
pollution associated with releases identified during a Phase I assessment and confirmed during a Phase II
investigation or otherwise known as present. The overall objective of a Phase III evaluation is to provide a
basis for making critical decisions regarding conditions that do not comply with the RSRs. Data collected
in a Phase III investigation is also be used to evaluate remedial technologies or strategies for achieving
compliance with the RSRs. A Phase III investigation must address the extent and degree of contamination
resulting from each release identified in the Phase II or discovered in subsequent investigations.

If a report describes the hydrogeologic investigation of one or more but not all releases on a site, it should not be
called a Phase III investigation for the site. A complete Phase III must address all releases. When a report is titled
"Phase III Hydrogeologic Study and Remedial Action Plan" the reader often assumes that no further site
characterization is needed to proceed with any necessary remedial actions. A report that address only one of several
release areas or which proposes remedial actions before the full extent of contamination is identified can be called
"interim" or "partial phase III" to avoid confusion.

A complete Phase III site investigation will:
describe each release
provide an understanding of the site environmental conditions that control the migration of these
substances resulting from each release to environmental receptors.
describe the extent and concentration distribution, in three dimensions, of substances associated with
each release.
describe how the distribution of substances may change with time
describe how the extent or future extent of such substances may affect human health or the
environment (identify receptors)
describe how the environmental conditions associated with each release relates to the RSRs
provide a sufficient understanding of the environmental system to critically evaluate remedial options
provide the data and rationale to support the conclusions

One of problems that DEP review of Phase III investigations has identified is that RSR criteria are used too early in
the process and to limit the investigation. A phase III must characterize the full extent of contamination before
making decisions regarding exceedance of RSR criteria.

Conceptual Site Model

An essential element of the Phase III CSM is its expansion to fully incorporate the environmental
site setting and potential pathways for contaminant transport, especially in soil and groundwater.
Essentially, the CSM focus shifts from an earlier emphasis on release origins and mechanisms to a
conceptual framework for hypotheses regarding contaminant fate and transport associated with these
releases. In addition, the Phase II CSM elements should be refined, through critical evaluation based on
additional data developed during the Phase II investigation. Any discrepancies or gaps identified by the
Phase II CSM review should be addressed by Phase III evaluation activity.

Environmental setting elements, such as the following, should be incorporated in the CSM:
• Site soil characterization, including location and nature of artificial fills, if any, and delineation of

horizons that may affect pollutant migration.
• Groundwater hydrostratigraphy and hydrogeology, including delineation of controls on vertical flow or

flow along preferential pathways.
• Surface character of the site, as it may affect recharge or potential migration of volatile gases.
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• Groundwater regional setting and potential temporal influences on flow directions, such as pumpage,
seasonal recharge, or tidal effects.

• Other environmental media that may be influenced by the release, such as surface water, sediment, soil
vapor.

For each release area, fate and transport elements, such as the following, should be incorporated into the
CSM:
• Nature of the release: chemical, timing, duration, volume, and specific location.
• Nature of the pollutant: solubility, volatility, degradability, breakdown products, and transport

mechanisms.
• Potential migration processes and pathways: advection, diffusion, sorption, gravity driven flow of non-

aqueous phase liquids or highly concentrated solutions, cross-media transfer, and preferential
pathways.

• Potential receptors: humans, biota, surface waters, supply wells, and building basements.

Soil Characterization
Characterizing polluted soils resulting from a release presents a number of special problems

because of the inherent heterogeneity of soils. In addition, a release may be limited in areal extent and
easily missed by a sampling program. The main goal of a Phase III soil evaluation is to determine, for each
release, the distribution of pollution in the soil matrix, and delineate the extent of such contamination that
exceeds the applicable criteria.

A common shortcoming in site characterization is limiting the investigation to the objective of defining the extent of
exceedences of the RSR criteria. In many cases, when the resulting remedial action based on data collected for this
limited objective is carried out, it is discovered that the understanding of pollutant distribution on the site was
incomplete and that the extent of soil contamination underestimated.

DEP recommends, based on common gaps identified during report reviews and audits, that the following
elements specifically be considered in detailed design of a soil sampling program:

• Verify microstratigraphic details with continuous coring as much as possible.
• Include targeted sampling for identified preferential pathways.
• Focus on the top of any soil, soil moisture, or water table zones that may inhibit gravity driven

migration of liquids.
• Use field screening for dynamic real-time feedback to refine sampling location.
• Document the objective of each sample location.
• Consider the need for soil sampling below the water table if the source extends into the saturated

zone.
• Ensure that, if statistical evaluation is planned, sufficient samples are taken for valid evaluations.
• When conducting random sampling of an area, determine the minimum size hotspot which the

sampling program will detect (see Gilbert 1987) and ensure this is consistent with the CSM-
predicted release size.

• Old historic spills of volatile organic constituents may show little pollution in the surface 6 inches
due to volatilization, although deeper soils may be quite polluted. Surface samples may thus
underestimate the extent of a problem.

Ground Water Characterization

Characterizing polluted groundwater resulting from a release requires an understanding of site
hydrogeology, which serves as the framework for groundwater quality evaluation. The main goals of a
phase III groundwater evaluation are to:

• determine, for each release, the associated three dimensional distribution of pollution in
groundwater;

• delineate the spatial volume that exceeds the applicable criteria;
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• describe how the pollution degree and extent is changing over time, and establish a baseline for
long-term monitoring.

The CSM is used to design a groundwater evaluation program to accomplish these goals, thereby taking
into consideration the source related factors discussed above and the site and regional hydrogeologic
framework. The CSM expansion for Phase III evaluations adds hydrogeologic considerations to the Phase
II CSM, as the focus changes to the migration of substances from a release. Specific hydrogeologic factors
that should be incorporated in the CSM in supplement to the soil/source factors identified above include:

Hydrostratigraphy

Regional hydrogeology

Site hydrogeology

Contaminant transport

Hydrogeochemistry

Definition of units and how they interrelate, porosity, hydraulic
conductivity, fracture permeability orientation, confining layers
Regional controls on flow such as rivers, valleys, major fractures; temporal
effects such as offsite pumpage; seasonality of recharge and water levels
Horizontal and vertical gradients, local boundaries, surface cover effects on
recharge, onsite wells and discharges, tidal effects, ground/surface water
interactions
Nature of pollutant and fate and transport dynamics; aquifer considerations
such as anisotropy; NAI'L considerations, time of travel
General water chemistry parameters as indicators of aquifer dynamics.
Secondary indicators indicative of pollution related chemical activity in the
aquifer, such as redox or associated soluabilized iron as an indicator for
biologic decomposition of organic chemicals.

The following factors, which should be considered in development of the hydrogeologic CSM
framework, are often overlooked:

• Regional down-valley flow exists in deep alluvial valleys, with superimposed local shallow
riverward flow

• Local peat deposits may have perched water tables
• Local preferential pathways often exist along buried channel deposits
• Local permeability barriers can be associated with microstratigraphic features
• Local surface water features may not actually affect groundwater flow conditions
• Discontinuity or inadequacy of the "basal till" results in incomplete isolation of overburden from

bedrock flow systems
• Tidal fluctuation and lag can affect transport and diffusion of pollutants
• Manmade drains such as leaky storm sewers can serve as groundwater sinks
• Local anisotropic aquifer conditions may be associated with laminar silts
• Regional fracture systems can serve as groundwater sinks
• Fracture anisotropy may be a control on flow direction
• Lack of recharge due to impermeable surfaces can affect flow and gradient
• Often the "down dip" diversion of DNAPL is not considered in conceptual fate and transport and

therefore not adequately monitored.
• In almost all cases where NAPL constituents are present, the initial CSM should assume that free-

phase NAPL is present, at least interstitially.
• The conceptual model must consider that groundwater migration is three dimensional and

temporally variable and a static, map-focused 2-dimensional evaluation is inherently incomplete.

In the detailed implementation of groundwater evaluations, DEP often encounters the following
deficiencies

• Vertical gradients and three dimensional flow not delineated
• Silty wells due to inadequate screen size selection process or lack of adequate development to

meet goal of 5 NTU
• Perched water tables are not recognized, even when hydraulic head data do not relate well to other

parts of site.
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• Incongruities between surface water data and groundwater data, or failure to integrate surface
water into the evaluation

• Unsubstantiated presumption that small streams are complete flow boundaries
• Inadequate determination of seasonal or longer term trends in groundwater flow and quality
• Excessively long, non-discrete sampling intervals, especially in bedrock wells
• Failure to confirm that wells are truly downgradient, along the three dimensional flow path
• Failure to review accuracy of machine contouring or to correct computer generated contour maps

for identified site boundaries
• Lack of consideration of impermeable surfaces or leach fields in interpretation of data to evaluate

recharge and gradients.

Characterization of Other Media

In the course of a comprehensive phase III evaluation, other environmental media may also
require characterization to determine if they are impacted by a release. These can include surface water,
sediments, soil vapor, and indoor air. In general, the data objectives for evaluation of these media are to
both characterize the presence of pollutants and determine if there are unacceptable impacts on receptors.
Data evaluation typically concentrates on comparison to screening or risk criteria. It should also
incorporate, however, a basic evaluation of the presence and extent of pollution in the medium and a review
of both data completeness and consistency with the CSM, especially with respect to cross-media pollutant
transfer.

Surface Water

When evaluating surface water the CSM should also incorporate:
• hydraulic dynamics of the surface water body,
• nature of mixing at the interface of the surface and groundwater systems,
• potential phase transfer from or to sediments,
• pure phase transport (e.g. LNAPL sheen), and
• degradation of pollutants in the oxygenated environment.

Sampling techniques for surface water are well described in the literature. Evaluation of concentration
data for surface water pollution should describe the degree and extent of pollution, and critically review the
data relative to the CSM. In addition, evaluation should incorporate comparison to upstream background
quality and to chronic toxicity criteria established in the Water Quality Criteria. Assumptions for mixing
and attenuation should parallel those used in developing discharge permits.

Sediment

Conceptually, evaluation of pollution in sediment is similar to evaluation of soils. The CSM should
also include:
• potential bed and suspended load transport of polluted soil material,
• burial of older release-related pollution by more recent sedimentation,
• pollution of sediment in place by phase transfer from polluted surface or ground- water discharges,
• inter-phase contaminant transfer to surface water,
• potential transport of pure phase pollutants such as LNAPL (affecting water body edges), DNAPL (as

discrete bed load particles), or elemental mercury, and
• potential degradation of pollutants in the oxygenated stream environment.
Data objectives should identify evaluation approaches to be used to ensure that the detailed sampling
program tests the best locations and uses the proper sampling and analytical methods to support meaningful
conclusions. Sampling techniques for sediment are well described in the literature; shallow sediment
sampling can be similar to soil sampling.
Evaluation of concentration data for sediment pollution should describe the degree and extent of pollution,
and critically review the data relative to the CSM. Evaluation should also incorporate comparison to
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upstream background and review of receptor impact through comparison to direct exposure criteria or
alternative direct exposure criteria calculated using exposure assumptions appropriate for the setting of the
sediment, and ecological risk screening or evaluation.

Soil Gas and Indoor Air

Soil gas evaluation requires the following to be considered in the CSM:
• Potential sources from water, or from interstitial or sorbed product;
• phase transfer, partitioning, and diffusion transport effects
• weather effects on transport;
• breakdown products with greater toxicity
• temporary and permanent barriers affecting gas diffusion, and
• preferential vapor migration pathways in the vadose zone.
For more detailed guidance on soil vapor sampling and indoor air sampling see Appendix 1.

NAPL

The Phase III evaluation may specifically focus on determining the presence of Non-aqueous
Phase Liquids. Non-aqueous Phase Liquids, which can be either denser or lighter than water, may be
present at a site either as mobile free product, relatively immobile interstitial free phase material, or sorbed
onto mineral grains.
It is important for a CSM to conservatively incorporate the potential presence of NAPL, especially
DNAPL, because the detailed approach to subsurface investigations must consider both the additional
pollutant transport mechanisms and the potential for investigative activity to create additional migration
pathways. In addition, the presence of a non-aqueous phase can significantly affect the design and
operation of a remedial system.

Phase III Report

The Phase III evaluation report should present the environmental data for the site characterization as a
whole, and how it validates the hypotheses of the CSM regarding the environmental fate of the released
pollutants. The phase III report should include the following elements for a typical site:
• Environmental setting and identified releases discussed in the context of the conceptual site model.
• Recap of investigative objectives, activities, and protocols.
• Data presentation with identification of extent of pollution for each release, and each environmental

medium, including maps, cross-sections, and summary tables.
• Data evaluation and discussion of consistency of data suite and CSM, with identification of

assumptions and rationale for conclusions.
• Conclusions regarding site environmental conditions, with delineation of pollution exceeding decision

criteria, and recommendations for remedial action as appropriate.
• Appendices with supporting data and field notes.
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DEMONSTRATING COMPLIANCE

INTRODUCTION

The demonstration of compliance in a final remedial action report must verify the effectiveness of
the implemented remedy and document that existing onsite conditions are protective of human health and
the environment. The Remediation Standard Regulations (RSRs) (22a-133k) define the basis for judging
whether site remediation is required and, if so, whether a site has been effectively restored. The RSRs have
established numerical criteria related to both soils and groundwater that define the minimum performance
standards that must be achieved through site remediation. The degree of regulatory involvement with the
investigation and remediation of a site may vary by program and/or statutory requirements. It is essential,
therefore, that the Demonstration of Compliance or final remedial action report be a comprehensive
document that summarizes the conceptual site model (CSM), remedial actions, compliance data, and
evaluation of post-remediation monitoring.

Conceptual Site Model

A final Conceptual Site Model of the site should be presented as part of the Demonstration of
Compliance. The CSM must clearly identify the intent of the project and must reflect an understanding of
how the environmental system works based on all the data accumulated during the investigation phases and
the remediation phase of the project. By identifying in the CSM the assumptions made about the system
and rationale for characterizing the system, the CSM will assist not only DEP but also other interested
parties in reviewing the site and the conclusions drawn about compliance with the RSRs. It is also
particularly important that the CSM be based on data mat meets the data quality objectives for determining
compliance. The final conceptual site model should also carefully consider whether there are any special
circumstances at the site that creates a risk to public health and the environment that is not contemplated or
addressed by the RSRs. The final remedial action report should clearly identify such circumstances and
steps taken to address the risks.

Remedial Actions

The Demonstration of Compliance must include a summary of the remedial actions taken
and an evaluation of remediation system performance data. It is important to incorporate performance data
collected during active remediation into the CSM and the Demonstration of Compliance. The CSM must
be reevaluated if the performance data is inconsistent with the CSM. A determination of the cause for the
variations or substandard performance will need to be made and the potential for additional undetected
sources will need to be considered. Demonstration of compliance must adequately demonstrate that the
implemented remediation action or actions have attained soil and groundwater remediation to the criteria
specified in the RSRs or that the site otherwise meets the provisions of the RSRs.

Soil Remediation

The final remedial action report must document that wherever pollutants present in soil exceeded
the RSR criteria, appropriate actions have been taken to protect the health of people who may be exposed to
such soil or ground water quality which may be affected such soil. Whether the contaminated soil has been
treated or removed, rendered inaccessible or environmentally isolated as appropriate, or been capped with
an engineered control consistent with a variance granted by the Commissioner, documentation of
compliance should include the assumptions and rationale used to ensure compliance. Where sampling of
the affected media is required, the report must evaluate the quality of the data to ensure that it is sufficient
and sufficiently accurate to demonstrate compliance. The sampling data should be representative of the
environmental system on the site after remediation.

GROUNDWATER REMEDIATION
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The objectives of groundwater remediation are :
• Protect and preserve groundwater in GA areas as a significant natural resource.
• Protect existing use of groundwater, regardless of groundwater classification.
• Prevent further degradation of surface water from discharges of contaminated groundwater.
• Protect human health.

Regardless of the groundwater classification, the following requirements apply to groundwater quality:
• Non-aqueous phase liquids are a continuing source of pollution and, when present as

continuous or discontinuous discrete phase, remedial action should be taken to extract or treat
such liquids. Light NAPL must be removed in accordance with Section 22a-146 of the
Connecticut General Statutes. Dense NAPL must be removed to the maximum extent
prudent;

• Compliance with the Surface Water Protection Criteria; and
• Compliance with the Volatilization Criteria.

The final remedial action report should describe how each of the applicable criteria has been met.
In order to do so, the ground water flow system and the extent of the plume in three dimensions and
over time must be understood and the ground water conceptual site model validated. The final
remedial action report should include a description of the validation process.

Groundwater monitoring

There are three primary objectives for monitoring groundwater subsequent to a Phase III investigation.
These objectives are: 1) assess on-going active and passive remedial activities, 2) document compliance
with the groundwater remediation criteria, and 3) document the long term efficacy of the remediation (post
remediation monitoring). See Appendix 1 for more detailed discussion of post remediation monitoring.
The specific objective of the groundwater monitoring will drive the design of the monitoring program,
including well location, sampling frequency and the analytical program.

Monitoring On-going Groundwater Remediation Activities

In general, groundwater monitoring of on-going remediation activities is conducted during the
remediation of the site prior to the Demonstration of Compliance. Performance data collected during the
groundwater remediation phase may not be sufficient by itself to ensure that remediation goals have been
attained, but are important supporting documentation for the CSM and Demonstration of Compliance. If
the active remediation ground-water monitoring data or performance information is anomalous, the site will
need to be further assessed. A determination of the cause for the variations or substandard performance
will need to be made and the potential for additional undetected source(s) will need to be considered.

Natural attenuation of groundwater subsequent to soil and/or active groundwater remediation is
considered by the Department to be a form of active groundwater remediation. A monitoring program
appropriate to this form of active remediation will reflect the site remediation history, and the potential
length of groundwater remediation program.

A site cannot be "verified" as remediated in accordance with the RSRs if natural attenuation monitoring is being
utilized as the method to attain groundwater remediation goals. The Department, however, will accept a Form IV
filed pursuant to Section 22a-134a of the Connecticut General Statutes when all remediation at the site is complete
except for the natural attenuation of groundwater.

Groundwater Compliance Monitoring

The RSRs establish specific numeric concentrations that polluted groundwater must meet in order
to achieve compliance with the RSRs. In general, compliance is demonstrated when four quarters of
monitoring indicate compliance with the numeric criteria. Compliance can not be demonstrated until the
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environmental professional can demonstrate that the groundwater quality is protective of existing uses
'•»>- regardless of the groundwater classification.

Compliance with all applicable groundwater remediation criteria must be demonstrated prior to requesting the
Commissioner's approval for an alternative post-remediation groundwater monitoring program.

Demonstrating Technical Impracticability (TI)

Section 22a-133k-3(e)(2) Variance Due to Technical Impracticability of Ground-Water
Remediation, provides specific guidance on how to demonstrate that achieving compliance with the
applicable criteria of the RSRs is technically impracticable (TI). That section of the regulations also
specifies the information that must be submitted with a request for a TI variance. The determination of TI
is generally determined in accordance with Directive No. 9234.2-25 issued September 1993 by the U.S.
Environmental Protection Agency's Office of Solid Waste and Emergency Response.
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Study WP-126
Exception Report

This exception report shows only those analytes with a performance evaluation of not
acceptable.

Standard/Analyte Units Reported
Value

Assigned
Value

Acceptance
Limits

Report Type with
Not Acceptable

Evaluation

Method
Description

Method Number: 1
Grease and Oil

Grease & Oil (Gravimetric} || mg/L|| 56.2 || 82.0 JL57.0 - 96.3 |[ Not Acceptable

Grease & Oil (Infrared) |mg/L I 71.4 | 101 || 71.8-117

| EPA 1664

Not Acceptable || EPA 41 3.1

Base Neutrals |

|bis(2-Chloroethoxy)methane M9/L 41.3 132 52.2-156 Not Acceptable EPA 8270C

[Acids

|2,6-PJch!orophenpl M9/L| <5.00 || 146 50.6-181 Not Acceptable EPA 8270C

Method Number: 2
Base Neutrals

bis(2-Chloroethoxv)methane ug/L 41.3 132 52.2-156 Not Acceptable EPA 625

I
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|Acids

2.6-Dichlorophenol 1||jg/L|| <5.00 || 146 || 50.6-18lT|| Not Acceptable EPA 625
v,.

Previous Report Top of Page

Study WP-126
Complete Final Report

Standard/Analyte Units
Reported

Value
Assigned

Value
Acceptance

Limits
WarningllPerformance
Limits | Evaluation

Methc
Descrip

Method Number: 1

PH

P.H || S.U. 6.01 || 6.03 5.83 - 6.23 |— |Acceptable EPA 15

Hardness

Npn-Filteraple Residue (TSS)

Calcium

Magnesium

Calcium Hardness as CaCOS

Total Hardness as.CaC.Q3

mg/L

mg/L

46.0

65.7

mg/L 25.1

mg/L

mg/L

167

260

48.3

66.8

23.7

167

37.3 - 55.4

59.8 - 75.7

20.3 - 27.2

149-189

264 233-301

I 40.3-
| 52.4

62.4-
73.0

21.5-
26.1

I 244-
290

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

SM254

EPA 60

EPA 60

SM35
Cat

SM234

[Demand

BOD

CBQD

cop

TOC

mg/L

mg/L

mg/L

mg/L

67.4 59.7

45.4 51.4

89.3 96.3

35.1 38.1

II ^Q Q - ||
30.0 - 89.3 7Q

9. Acceptable
II '= '-1* II

23.0-79.7

71.2-113

31.8-44.0

32.5-
70.3

I 78.2-
106

I 33.8-
| 42.0

Acceptable

Acceptable

Acceptable

SM521

SM521

HACHfi

SM531

Simple Nutrients

Ammonia as N

Nitrate as N

|Nitrate + Nitrite as N

Ortho-phosphate as P

mg/L

mg/L

5.46

2.80

5.74

2.94

4.19-7.30

2.29 - 3.57

4.71 -
6.78

2.50-
3.35

Acceptable

Acceptable

mg/L || 2.80 |[_2.94 || 2.39 - 3.44 || J[Acceptable

mg/L 3.46 3.35 2.74 - 3.98 2.95-
3.78 Acceptable

SM45
NH3'

EPA3C

EPA3C

EPA3C

Complex Nutrients

Total Kjeldahl Nitrogen mg/L 7.00

Total phosphorus as P mg/L 3.58

7.15

3.50

4.80 - 9.37

2.85 - 4.20

5.56-
8.61

3.08-
3.98

Acceptable

Acceptable

SM45
NH3<

ASTMC
88A

Cyanide
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Cyanide, total
1

mg/L 1 0.252 1 0.279 | ^ | ™' | Accept | ™%

Grease and Oil

Grease & Qil(Grayjmetric) mg/L

Grease & Oil (Infrared) mg/L

56.2 82.0

71.4 101

570 96 3 II 63-6' II Not II EPA 1C57.0 96.3 || 8g g || Acceptab|e || tPA "U

71.8-117 Not
Acceptable

EPA 41

Total Residual Chlorine

Total Residual .Chlorine. mg/L 2.96 2.97 2.12-3.65
2.37-
3.39 Acceptable HACH8

Trace Metals

Aluminum

Antimony

Arsenic

Barium

Beryllium

Boron

Cadmium

Chromium

ug/L 1220

Mg/L 797

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Cobalt ug/L

Copper

Iron

Lead

Manganese

Molybdenum

Nickel

Selenium

Silver

Strontium

Thallium

Vanadium

ug/L

ug/L

M9/L

ug/L

495

213

136

961

323

1150

829

495

207

128

950

318

368 361

908

761

303

744

340

ug/L 147

ug/L 2040

ug/L

ug/L

M9/L

ug/L

ug/L

1480

577

95.4

610

696

853

756

285

700

339

154

1960

1370

541

92.8

624

707

931 - 1360

588 - 995

415-580

179-233

108-145

785-1110

271 - 362

1000-
1290

656-
927

442-
553

114-
139

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable
OQC II

347~ Acceptable

II "39Q II
313-409 -fnV Acceptable

|| OC7O ||

750 - 955

680 - 832

248 - 327

612-785

303 - 377

126-180

1760-2180

1090- 1580

464 - 620

78.4-107

508 - 745

619-791

1 II II II II

785-
921

711-
805

261 -
314

641 -
756

315-
364

135-
171

1850-
2120

1170-
1500

490-
594

83.2-
102

548-
706

648-
762

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

EPA 60

EPA 60

EPA 60

EPA 60

EPA 60

EPA 60

EPA 60

EPA 60

EPA 60

EPA 60

EPA 60

EPA 60

EPA 60

EPA 60

EPA 60

EPA 60

EPA 60

EPA 60

EPA 60

EPA 60

II II
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Zinc

Mercury

Mercury

Minerals

Chloride

Potassium

Sodium..

Sulfate

Tin and Titanium

Tin

Titanium

Hexavalent Chromium

Hexavalent Chromium

PCBs in Water (Standard #1)

Aroclor 1221

[Arpdor.12.32..

[AroclQ.r.1.248.
lArqclor 1254

|Aroclor1260

PCBs in Water (Standard #2)

Arpclpr 1221

|Aroclor 1232

|Arpclor 1248

Aroclor 1254

Aroclor 1260

PCBs in Oil (Standard #1)

Aroclor 101 6/1 242

(Aroclor 1254

[Aroclor 1260

PCBs In Oil (Standard #2)

Arpclor 10.1 6/1242.

Arpclpr.1.254 |

Aroclor 1260

Pesticides

Aldrin

ug/L

M9/L

mg/L

mg/L

mg/L

mg/L

ug/L

ug/L

I ug/L

I ug/L

ug/L
ug/L
ug/L
ug/L

Mg/L
ug/L

I ug/L

I ug/L

ug/L

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

ug/L

1282

4.22

72.0

32.5

55.9

37.9

3960

117

695

| < 0.200

| < 0.200

| <0.20

|_< 0.200

| < 0.200

< 0.200

< 0.200

| < 0.200

< 0.200

4.95

23.4
I
| <1.00

<1.00

<1.00

[ <1.00 |

13.8

6.80

1220

5.12

73.9

33.9

59.6

38.0

4020

119

I 667

[_0.00 J

0.00 J

0.00 J

0.00

0.00

0.00

0.00

|_0.00

0.00 J

4.60

29.2

L_o.oo J
0.00 J

0.00

[_o.oo J

14.1

6.48

1050-1400

3.16-7.04

63.2 - 84.9

28.1 -40.3

50.6 - 68.4

30.7 - 44.3

3170-4900

101-135

|_544 . 784J

1

1

1

|

|

1

2.49 - 6.00

4.60 - 40.9

f

1

2.75 - 20.4

1.83-8.93

1110-
1340

3.81 -
6.40

66.8-
OH Oon .0

30.1 -
38.3

53.6-
65.4

33.0-
42.0

107-
129

I

I

I

I

3.08-
.*\£.

10.6-
34.8

I

I

5.69-
17.5

1 3.01 -
7.75

Acceptable

Acceptable

Acceptable
" |

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

| Acceptable

Acceptable j

Acceptable

| Acceptable \

Acceptable

Acceptable

Acceptable

| Acceptable

| Acceptable

| Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

EPA 60

EPA 24

SM45
Ol CL>l- t

EPA 60

EPA 60

EPA 37

EPA 60

EPA 60

| EPA 71

[ EPA 8(

| EPA8C

LEPA 8(
| EPA8(

| EPA8C

EPA8C

| EPA8C

EPA8C

| EPA8(

EPA8C

EPA8(

| EPA8C

EPA8C

| EPA8C

| EPA8C

EPA8C
I

EPA 80
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|alpha-BHC

beta-BHC

delta-BHC

qamma-BHC(Lindane)

alpha-Chlordane

gamrna-Chlordane.

4,4'-DDD

4,4'-DDE

4,4'-PPT

Pieldrin

Endrin

Endrin aldehyde

Endrin ketone

Endosulfan 1

Endosulfan II

Endosulfan sulfate

Heptachlpr

Heptachlprepoxi.de. (beta)

Methpxychlor

Chlordane

Chlordane, technical

Toxaphene

Tpxaphene

Herbicides

\2A^D

[2.4-DB

|Dalapon

|Picarnba

iPichlprprop

Ipinosep

|2A5J[

2,4,5-TP (Silvex)

Base Neutrals

|Acenaphthene

Acenaphthylene

Aniline

Anthracene

|Benzidine

M9/L 1

Mg/1- 1

FMQ/L
M9/L

tjg/L
M9/L

W/L

M9/L

M9/L

M9/L

M9/L
M9/L

M9/L

1 M9/L

M9/L

M9/L

M9/L

M9/L

M9/L

M9/L

M9/L

M9/L
1 U9/L

1 M9/L
M9/L

1 M9/L

1 M9/L

1 fjg/L
M9/L

1 Mg/L
(jg/L

1 pg/L
M9/L

Mg/L

6.19 |

4.48 |

8.82 |

7.64 |

3.69 |

3.81 |

8.12

6.14

5.48

0.700

1.66 |

3.70 |

3.94 |

18.61 |

8.07 |

5.76 |

1.98

2.68

I 7.04

13.3

42.7 |

| 3.22

| < 0.100

| < 0.100 |

| 2.98 j

I 19-4 I
< 0.100 |

2.67 |

3.22

58.5

15.5

[_<5.00 |

<5.00

<5.00

6.15 |

4.76

9.54

7.98

3.29

3.63

9.34

6.89

6.02

1.24

^3.08

[_4.90

[_4.92

L15.8

^9-44

^6.93

2.51

3.28

I 9.16

14.6

I 43.4 |

7.32

0.00

[_0.00

^6.53 |

[_56.9 |

|_0.00

l_5.24

3.48

63.7

18.6

Lo.oo
0.00

[_d.oo I

2.61 - 8.44

1.95-6.58

3.60-13.3

3.27-11.0

1.47-4.54

1.52-5.01

3.40-13.2

3.06 - 8.91

2.25 - 8.56

0.551 -1.77

1.21 -4.72

1.24-7.75

2.71 -7.13

4.92 - 23.2

3.00-12.6

| 2.59-10.1

0.817-3.50

1.59-4.64

| 2.43 - 14.5

5.48-21.1

j 4.34 - 78.5

0.732-11.8

|

|

1 0.653-9.49]

| 5.69 - 83.6 |

0.524-7.81

0.348 - 5.24

25.9 - 76.8

6.48 - 24.6

I

|

I

I
5.04-
11.6

4.04-
7.94

3.30-
7.51

0.755 -
1.57

1.26-
3.05

2.10-
4.13

8.08-
H Q Clo.o

1
1

Acceptable |

Acceptable |

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Check for
Error

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

| Acceptable

| Acceptable

Acceptable

| Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

EPA 80

EPA 80

EPA 80

EPA 80

EPA 80

EPA 80

EPA 80

EPA 80

EPA 80

EPA 80

EPA 80

EPA 80

EPA 80

EPA 80

EPA 80

EPA 80

EPA 80

EPA 80

| EPA 80

EPA 80

EPA 80

EPA 81

| EPA 81

| EPA 81

| EPA 81

| EPA 81

| EPA 81

[EPA 81

| EPA 81

| EPA 82

EPA 82

EPA 82

EPA 82

[EPA 82
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Benzo(a)anthracene || |jg/L || < 5.00 ||_ 0.00

Benzo(b)fluoranthene || pg/L

Benzo(k)fluoranthene

Benzo(g,h,i)perylene

Benzp(a)pyrene

Benzyl alcohol

Mg/L

M9/L I

< 5.00 J|_ 0.00

81.7 |_93.6

53.7

48.9

M9/L || <5.00

4-BrQmophenybpheny|ether || |jg/L ]| < 5.00

Butvlbenzvlohthalate

Carbazole

4-Chloroaniline

bis{2-Chlprgethgxy}methane.

bis(2-Chloroethvl)ether

bis(2-Chloroisopropyl)ether

2-Chloronaphthalene

4-ChloroDhenvl-Dhenvlether

Chrysene

Dibenz(a.h)anthracene

Dibenzofuran

Di-n-butvlohthalate

1 ,2-Dichlorobenzene

Mg/L || <5.00

MQ/L || <5.00

Mg/L || <5.00

M9/L

M9/L I

I M9/L I

M9/L I

I M9/L I

M9/L

M9/L

M9/L

1,3-pichlprpbenzene || pg/L

1,4-Dichlorobenzene || jjg/L

3,3'-Dichlorobenzidine || |jg/L

Diethylphthalate

41.3

38.5

63.7

133

81.4

10.8

29.2

<5.00

96.0

29.7

63.2

108

<5.00

63.0

57.3

0.00

0.00

0.00

0.00

0.00

132

51.8

90.2

148

83.2

13.2

31.9

0.00

122

40.0

111

135

0.00

| jjg/L || <5.00 || 0.00

Dimethylphthalate | |jg/L

2,4-Dinitrotoluene M9/L

<5.00

60.0

0.00

68.5

|| || Acceptable || EPA 82

| Acceptable EPA 82

23.3 - 135 || | Acceptable ||EPA 82

22.3 - 86.7 || | Acceptable

17.2 -73.7 H || Acceptable

|| || Acceptable

|| || Acceptable

|| || Acceptable

|| J| Acceptable

|| || Acceptable

52.2-156

15.2-66.0 |

II Not
|| Acceptable

|| Acceptable

22.8-111 || || Acceptable

45.6-178 |[ J[ Acceptable

31.4-104 || || Acceptable

6.43 - 20.7 || || Acceptable

8.40 - 46.9 || || Acceptable

EPA 82

EPA 82

EPA 82

EPA 82

EPA 82

EPA 82

EPA 82

EPA 82

EPA 82

EPA 82

EPA 82

EPA 82

EPA 82

EPA 82

|| || Acceptable || EPA 82

39.6 - 1 58 |L || Acceptable || EPA 82

4.00 -51 .7 |t || Acceptable

9.83-91.5 || J Acceptable

| EPA 82

| EPA 82

13.5 -159 || | Acceptable || EPA 82

|| | Acceptable ||EPA82

J| || Acceptable

|| || Acceptable

24.5 - 86.7 || | Acceptable

| EPA 82

| EPA 82

| EPA 82

2.6-Dinitrotoluene || ua/L || < 5.00 ||_0.00 II II J| Acceptable || EPA 82

Di-n-octyjphthalate M9/L 98.9

bjs(2-Ethylhexyl}Rhthalate || M9/L II 116

Flupranthene

Fluorene

|jg/L |[ 46.0

M9/L

Hexachlorobenzene || |jg/L

42.1

<5.00

Hexachlprpbutadiene. II M9/L II 102
Hexachlorocvclopentadiene || pg/L || 126

134

134

26.7-197

39.3-182

|| Acceptable ||EPA82

|| Acceptable ||EPA82

47.4 || 22.0 - 60.5 |[ || Acceptable || EPA 82

46.0

0.00

|_ 136

| 191

|_ 1 7.9 - 58.7 || || Acceptable || EPA 82

| || || Acceptable

16.5-160
19.1 -245

|| Acceptable

EPA 82

EPA 82

|| Acceptable ||EPA82

Hexachlorpethane || pg/L J[ 139 ||_ 170 || 18.1 - 198 ][ || Acceptable \\EPA 82

lndeno(1 ,2,3-cd)pyrene

Isophorone

2-Methvlnaohthalene

Naphthalene

2-Nitrpaniline

3-Nitrpaniline

4-Nitrpaniline

I M9/L

I M9/L

ijg/L
M9/I-

^9/L

29.5

<5.00

<5.00

96.4

<5.00

(jg/L || < 5.00

pg/L || <5.00

33.9 || 5.67 - 48.4 || || Acceptable

0.00

0.00

98.7 || 26.5-118

0.00

| Acceptable

|| Acceptable

|| Acceptable

|| Acceptable

0.00 || || || Acceptable

0.00 || || || Acceptable

EPA 82

EPA 82

EPA 82

EPA 82

EPA 82

EPA 82

EPA 82

II II II II II II II
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[Nitrobenzene || |JQ/L || < 5.00 ||_ 0.00 || _|| || AcceptableJlEPA 82

|N-Nitrosodiethvlamine

|N-Nitrosodimethvlamine

N-Nitrosodiphenylamine

|N-NitrosQ-di-n-prQpy]amine

Phenanthrene

|Pyrene

|Pyridine

|l,2.4-Trichlorobenzene

Mg/L
Mg/L

Mg/L
Mg/L
M9/L

Mg/L
Mg/L

<5.00

106

<5.00

<5.00

64.0

81.3

<5.00

0.00

127

0.00

0.00

69.4

~90l)

0.00

Mg/L || 71.4 || 73.4

| 12.7-150

32.8 - 85.1

| 30.1 - 124

15.4-89.3

|| Acceptable || EPA 82

—
AcceptableJLEPA 82

Acceptable

|| Acceptable

^

Acceptable

Acceptable

Acceptable

| EPA 82

| EPA 82

| EPA 82

[EPA 82

| EPA 82

|| Acceptable ||EPA82

Acids

Benzoic acid

4-Chloro-3-methyJRheno|

2-Chlorophenol

2,4-Dichlorophenol

2,6-DichloroDhenol

Mg/L
Mg/L

Mg/L 1
Mg/L

Mg/L

<5.00

105

0.00

130 || 50.9-167

39.9 J|_ 37.9 || 12.8 -48.8

163 ||_ 176 J[ 58.1 -214

<5.00 146 50.6-181

2,4-pimethylphenol. ]| (JQ/L IL 83.9 _\[_ 95.8

4.6-Dinitro-2-methylphenol

2,4-Djnitrpphenp!..

2-Methvlohenol

4-Methvlohenol

Mg/L 151 || 146

Mg/L J| 178 ||_ 178

19.9-126

51.3-208

17.8-236

Mg/L || 62.6 ||_65.7 || 12.5 -82.5

Mg/L
2-Nitrophenol || ug/L

4-Nitroohenol Mg/L
Pentachlprpphenpl || |jg/L

Phenol || Mg/L

2,4,5-Trichlorophenol

2,4,6-Trichlorophenol
I Mg/L

Mg/L

66.4

81.8

| 131

|~8Jf2

167 ||_ 144

13.1 -169

22.6-109

| 14.4-194

67.9 ||_70.5 || 16.0 -97.4

145 ||_ 170 || 17.0-227

49.4 ||_53.7 || 20.8 -72.0

45.0 || 52.5 ||l6.7-68.9

—

I

Acceptable

Acceptable

Acceptable

Acceptable

Rot
Acceptable

Acceptable

|| Acceptable

|

| EPA 82

[EPA 82

| EPA 82

| EPA 82

I EPA 82

| EPA 82

| EPA 82

Acceptable || EPA 82

Acceptable

Acceptable

Acceptable

| EPA 82

| EPA 82

| EPA 82

Acceptable || EPA 82

Acceptable ||EPA82

Acceptable ||EPA82

Acceptable ||EPA82

Acceptable || EPA 82

(Nitrite

Nitrite as N mg/L 1.88 1.82 1.52-2.12 Acceptable
SM45
NO2-

Method Number: 2
Hardness

Calcium mg/L

Magnesium

Calcium Hardness as CaCQ3

Total Hardness as CaCOS

mg/L

65.7 66.8

25.1

mg/L || 164

mg/L 267

23.7

II R9 4 - II
59.8 - 75.7 °±f_ Acceptable

II rO.U M

20.3 - 27.2

167 || 149-189

264 233 - 301

21.5-
26.1

244-
290

Acceptable

Acceptable

Acceptable

EPA2C

EPA2C

EPA2C

EPA2C

Demand

BOD

CBOD

mg/L

mg/L

67.4

45.4

59.7

51.4

30.0 - 89.3

23.0 - 79.7

39.9-
79.4

32.5-
70.3

78.2-

Acceptable

Acceptable

EPA4C

EPA4C

https://secure.eraqc.com/Finalreport.asp?report=WP 126 11/18/2005



Page 8 of 15

COD

IQC_

Simple Nutrients

Nitrate as N

Nitrate + Nitrite as N

Ortho-phosphate as P

Complex Nutrients

Total phosphorus as P

Cyanide

Cyanide, total•

Grease and Oil

Grease & Oil ̂ (Gravimetric)

Total Residual Chlorine

Total Residual Chlorine

Trace Metals

Aluminum

Antimony

Arsenic

Barium

Beryllium

JBoron

Cadmium

Chromium

Cobalt

Copper

Iron

Lead

Manganese

Molybdenum

mg/L |

mg/L

mg/L

mg/L

mg/L

mg/L
1

mg/L

mg/L

mg/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

Mg/L

ug/L

ug/L

89.3

35.1

2.77

2.77

3.39

3.49

0.252

71.4

2.94

1220
I

797

495

213

136

L 961

323

368

908

761

303

744

340

147

L96.3

38.1

2.94

2.94

3.35

3.50
I

0.279

82.0

2.97

1150

829

495

207

128

950

318

361

853

| 756

285

700

339

154

71.2-113

31.8-44.0

2.29 - 3.57

2.39 - 3.44

2.74 - 3.98

2.85 - 4.20

0.135- I
.4oO |

57.0 - 96.3

2.12-3.65
I

931 - 1360

588 - 995

415-580

179-233

108-145

| 785-1110

271 - 362

313-409

750-955
I

680-832

248 - 327

612-785

303 - 377

126-180

106 |

33.8- I
42.0 |

2.50-
3.35

2.95-
3.78

3.08-
3 QQ.yo

0.184-
.ool

63.6-
89.8

2.37-
3 OQ.oy

1000-
1290

656-
927

442-
553

114-
139

L_
286-
o47

329-
393

785-
921

711 -
805

261 -
314

641 -
756

315-
364

135-
171

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

EPA 41

EPA 41

10-107-
1-B

10-107-
1 RI-D

ASTMC
88A

EPA 36

EPA9C

EPA 41

SM450

EPA2C

EPA2C

EPA2C

EPA2C

EPA2C

EPA2C

EPA2C

EPA2C

EPA2C

EPA2C

EPA2C

EPA2C

EPA2C

EPA2C
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Nickel

Selenium

Silver
1

Strontium

Thallium

Vanadium

Zinc

Mercury

Mercury

Minerals

Alkalinity as CaCC-3

Chloride

Conductivity at 25°C

Fluoride

Potassium

Sodium

Sulfate

Total Dissolved Solids at 1 8Q°C

Total Solids at 1Q5°C J
Tin and Titanium
TJn J

Titanium

Hexavalent Chromium

Hexavalent Chromium

PCBs in Water (Standard #1)

Aroclor 1221 ]

Aroclor 1232

Aroclor 1248

Aroclor 1254.

Aroclor 1 260 |

Mg/L

Mg/L

Mg/L

ug/L

ug/L

ug/L

ug/L

ug/L

mg/L I
I

mg/L

umhos/cm

mg/L

mg/L

mg/L

mg/L

mg/L

I mg/L

I Mg/L

ug/L

Mg/L

I Mg/L
Mg/L

I Mg/L
Mg/L
Mg/L

2040

1480

577 |
I

95.4

610

696

1282

4.22

I 28.0
I

76.0

404
I

1.42

32.5

55.9

36.5

224

243

3960

117

695

< 0.200

< 0.200

< 0.200 j

< 0.200

< 0.200

1960

1370

541

92.8

624

707

1220

5.12

28.2

73.9

415

1.46

33.9
I

59.6

38.0

246

| 255

4020

119

667

| 0.00

0.00

| 0.00

0.00

0.00

1760-2180

1090-1580

464 - 620

78.4-107

508 - 745

619-791

1050-1400

3.16-7.04

23.4 - 34.3
I

63.2 - 84.9

372 - 458

1.16-1.77

28.1 -40.3

50.6 - 68.4

30.7-44.3

182-310

| 217-291

[3170-4900

101 - 135

544 - 784

I

1850-
OH on
Z I/U

1170-
•\tzr\r\IOUU

490-
CO>1oy4

83.2-
102

548- I
706 |

648- I
762 |

1110-
1340

3.81 - I
6.40

I 25.2-
V) £oz.o

I 66.8-
| 81.3

386-
A A A

*¥***

1.26-
1.66

30.1 -
oo o
OO.O

I 53.6-
| 65.4

33.0-
/io n4^.U

204-
288

1

|

107-
129

Acceptable
" J

Acceptable

Acceptable
I

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

| Acceptable

| Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

EPA2C

EPA2C

I EPA2C

EPA2C

EPA2C

EPA2C

EPA2C

EPA 24

SM232

EPA3C

SM251

EPA3C

EPA2C

EPA 2C

EPA 3C
I

SM254

SM254

EPA2C

EPA2C

SM 350'

EPA 6

EPA 6

EPA 6

EPA 6

EPA 6
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PCBs in Water (Standard #2)

Aroclor1221 |

Aroclor1232

Aroclor 1248

Aroclor 1254

Aroclor 1260

Pesticides

Aldrin

aloha-BHC

beta-BHC

delta-BHC

gamma-BHC(Ljndane).

alpha-Chlordane

gamni.a-Chlprdane..

4.4-DDD

4.4'-DDE

4,4'-PPT

Pieldrin

Endrin

Endrin aldehyde

Endrin ketone

Endosulfan I

Endosulfan II

Endosulfan sulfate

Heptachlor

Heptachlor epoxide (beta)

Methoxychlpr

Chlordane

Chlordane, technical

Toxaphene

Toxaphene

Herbicides

2,4:0 |

2,4-DB

Dalappn

Dicamba

Dichlprprpp

M9/L

M9/L I

M9/L

I M9/L

M9/L

M9/L

I M9/L

I M9/L

njg/L ~
FMQ/L

M9/L

M9/L

M9/L

M9/L

M9/L

P9/L

M9/L

M9/L

M9/L

M9/L

M9/L

M9/L

Mg/L

Mg/L

I M9/L I

M9/L

I M9/L

M9/L

M9/L

M9/L

M9/L

M9/L

< 0.200

< 0.200

< 0.200

< 0.200

4.95

6.80

6.19

4.48 J

8.82 J

7.64

3.69

3.81

8.12

6.14

5.48

0.700

| 1.66

3.70

3.94

18.61

8.07

5.76

1.98
I

2.68

7.04

13.3

42.7

3.22 |

< 0.100

< 0.100J

2.98

19.4

0.00

0.00

0.00

0.00

4.60

6.48

|_6.15

^4.76

9.54

7.98

3.29

3.63

9.34

6.89

6.02

1.24

3.08

4.90

4.92

|_15.8

| 9.44

6.93

2.51
I

3.28
I
|_9.16

14.6

43.4

\_732

0.00

0.00

6.53 |

56.9 |

2.49 - 6.00

1.83-8.93

2.61 - 8.44

1.95-6.58

3.60-13.3

3.27-11.0

1.47-4.54

1.52-5.01

3.40-13.2

3.06 - 8.91

2.25 - 8.56

0.551 -1.77

1.21 -4.72

1.24-7.75

2.71 -7.13

4.92 - 23.2

3.00-12.6

2.59-10.1

0.817-3.50
I

1.59-4.64
I
2.43-14.5

5.48-21.1

4.34 - 78.5

0.732 -11. 8 1

0.653-9.49

5.69 - 83.6

I

3.08-
5 Af\

A£.

3.01-
7.75

I

!

I 5.04-
1 1 &\ n.b

4.04-
7 CM.94

3.30-
7.51

0.755 -
1.57

I

| 1.26-
.05

| 2.10-
.1o

8.08-
18.5

I

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

t Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Check for
Error

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

[ EPA 6

| EPA 6

EPA 6

EPA 6

EPA 6

EPA 6

EPA 6

EPA 6

EPA 6

EPA 6

[ EPA 6

EPA 6

EPA 6

EPA 6

EPA 6

EPA 6

EPA 6

EPA 6

EPA 6

EPA 6

PEPA6

| EPA 6

EPA 6
I

EPA 6

EPA 6

EPA 6
I

| EPA 6

EPA 6

EPA 6

EPA 6

EPA 6

EPA 6
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3.48 |0.348-5.24| Acceptable EPA 62.4.5-TP (Silvex)

Base Neutrals

| AcceptableAcenaphthene

Acenaphthylene

| Acceptable

Benzo(a)anthracene

Benzo(b)fluoranthene

Benzg(k)fjuqranthene
Benzom.njjperylene

Benzo(a)pvrene

Benzyl alcohol

4-Bromophenyl-phenylether

Butylbenzylphthalate

4-Chloroaniline

bis(2-Chloroethoxv)methane

bis(2-Chlorpethyl)ether

bis(2-ChloroisoDropvl)ether

2-ChlorQnaphthalene

| Acceptable4-ChloroDhenvl-Dhenylether

Dibenz(a.h)anthracene

Dibenzofuran

Pi-n-butylphthalate

1,2-Dichlorobenzene

1,3-Dichlprpbenzene

1,4-Dichlorobenzene

3,3'-Dichlorobenzidme

Diethylphthalate

Dimethylphthalate

2,4-Dinjtrotoluene

2,6-Dmitrotoluene

Di-n-octvlohthalate

bis(2-Ethylhexyl)phthalate

Fluoranthene

Hexachlorobenzene

Hexachlorobutadiene

https://secure.eraqc.com/Finalreport.asp?report=WP 126 11/18/2005
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Acceptable || EPA 6

|| Acceptable | EPA 6

EPA 6

191 II 19.1 -245Hexachjorpcyclppentadjene

170 18.1 -198
'I

Hexachloroethane

33.9 || 5.67 - 48.4Indenon .2.3-cd)pvrene

|2-Methylnaphthalene

98.7 | 26.5-118Naphthalene

|2-Njtrpanjline..

4-Nitroaniline

Nitrobenzene..

N-Nitrosodiethvlamine

N-NjtrQsodJmethyl.amj.ne., || Acceptable

~|| AcceptableN-N.itrQSQdij3henylam.[ne

~~|| Acceptable|N.-Nitroso-di-n-propylamine

[l1214-TrichlQrg.benzene

[Benzojc ac|d

|| Acceptable|4-Chloro-3-methylphenol

|2-Chl.p.rpphenp|

[Z^-Dichlorpphenol

Not
Acceptable2,6-pichlprpphenp|

[2^4-Dimethylpheno!

4.6-Dinitro-2-methvlDhenol

|2.4-Dinitrophenol

2-MethylRhenpl

4-Methylphenpl

2-NjtrQphenpl

^Nitrophenpl

[Pentachlorophenol

2,4,5-Trichlorophenol

2,4,6-Trichlprp.phenpl

Method Number: 3

ICalci.yrn Hardness as CaCQ3

Total Hardness as CaCOS

https://secure.eraqc.com/Finalreport.asp?report=WP 126 11/18/2005
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Simple Nutrients

Nitrate as N

Nitrate + Nitrite as N

Ortho-phosphate as P
1

Cyanide

Cyanide,, total

Trace Metals

Aluminum
1

Antimony

Arsenic

Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Lead

Manganese

Molybdenum

Nickel

Selenium

Silver.

Thallium

Vanadium

Zinc

Mercury

Mercury

mg/L

mg/L

mg/L

mg/L

M9/L

Mg/L

Mg/L

Mg/L

Mg/L

M9/L

Mg/L

Mg/L

M9/L

Mg/L

Mg/L

M9/L

M9/L

Mg/L

M9/L

M9/L

Mg/L

M9/L

M9/L

2.77

2.77

3.49

0.250

1 |
1120

806

524

206

130

309

365

854

752

711

342

150

1930

1500

517

614

695

1260

4.22

2.94

2.94

3.35

0.279

1150

829

495

207

128

318

361

853

756

700

339

154

1960

1370

541

624

707

1220

5.12

2.29 - 3.57
I

2.39 - 3.44

2.74 - 3.98
I

0.135-
.430

931 - 1360
I

588 - 995

415-580

| 179-233

108-145
I

271 - 362
I

313-409

750 - 955

680 - 832

612-785

303 - 377

126-180

1760-2180

1090-1580

464 - 620

508-745

619-791

1050-1400

3.16-7.04

2.50-
3 QC

.OO

2.95-
o.7o

0.184-
.381

1000-
IzUU |

656-
y^7

442-
ooo

114-
139

286-
o4/ |

329-
o93

785-
921

711 -
805

641 -
756

3 1 5 - 1
364 _J

1 3 5 - 1
171

1850-
2120J

1170-
1500

490-
594

548-
706

648-
762

1110-
1340

3.81 -
6.40

Acceptable

Acceptable

Acceptable
I

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

SM45
MO1INUO-

SM45
N03-

EPA36

SM45
ON c

EPA6(

EPA6C

EPA6(

EPA6C

EPA6(

EPA6(

EPA6C

EPA6C

EPA6(

EPA6(

EPA6C

EPA6C

EPA6(

EPA6C

EPA6C

EPA6C

EPA6(

EPA6C

EPA 74
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Method Number: 4
Cyanide

Cyanide, total

Trace Metals

Aluminum

Antimony.

Arsenic

1
'Barium

Beryllium

Cadmium

Chromium

Cobalt

Copper

Lead

Manganese

Molybdenum

Nickel

Selenium

Silver"

Thallium

Vanadium

Zinc

mg/L

ug/L

ug/L

ug/L

1 ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

M9/L

ug/L|

ug/L

ug/L

ug/L

0.250

1120

806

524

206

130

309

365

854

752

711

342

150

1930

1500

517

614

695

1260

0.279

1150

829

495

207

128

318

361

853

756

700

339

154

1960
I

1370

541

624

707

1220

0.135-
0/nn.1OU

931 - 1360

588 - 995

415-580

JT79-233 j

108-145

271 - 362

313-409

750-955

680 - 832

612-785

303-377

126-180

1760-2180
I

1090-1580

464 - 620

508 - 745

619-791

1050-1400

0.184-
O 'iH'l.OO 1

1000-
1290

656-
927

442-
ceoOOO

r
i m- 1I 139 i

286-
Q/1"7o4/

329-
393

1 785-
| 921

I 711 -
| 805

I 641 -
"7CC| /OO

I 315-
| 364

I 135-
4 "7-1

| \ f \

1850-
2\2.(j

I 1170-
I loUU

490-
594

548-
/Ob

648-
762

1110-
1340

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable
I

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

EPA9C

EPA2C

EPA 2C

EPA 2C

[ EPA 2C

EPA2C

EPA2C

EPA 2C

EPA 2C

EPA 2C

EPA2C

EPA2C

EPA 2C
I

EPA2C

EPA 2C
I

EPA2C

EPA2C

EPA2C

EPA 2C
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I. SCOPE AND APPLICATION

Method 8082 is used to determine the concentrations of polychlorinated biphenyls (PCBs) as
Aroclors from aqueous, oil, solid, air, and wipe matrices. Aqueous methods via liquid/liquid
(SW846-3510) and Solid Phase Extraction (SPE) (SW846-3535). Solids and soils can be
extracted by soxhlet extraction (SW846-3540C), Accelerated Solvent Extraction (ASE) (SW846-
3545B) and sonication (SW846-3550B). Air is extracted by soxhlet extraction (SW8463540C).
Extraction procedures vary according to matrix, client specifications and contamination levels.

Open-tubular, capillary columns are employed with electron capture detectors (BCD). When
compared to packed columns, these fused silica, open-tubular columns offer improved
resolution, better selectivity, increased sensitivity, and faster analysis. The target compounds
listed below are determined by a single column analysis system.

Compound
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260
Aroclor 1262
Aroclor 1268

CAS Registry No.
12675-11-2
11104-29-2
11141-16-6
53469-21-9
12672-29-6
11097-69-1
11096-82-5
37324-23-5
11100-14-1

IUPAC#
-
-
-
-
-
-
-
-
-

B. Aroclors are multi-component mixtures. When samples contain more than one Aroclor, a
higher level of analyst expertise is required to attain acceptable levels of qualitative and
quantitative analysis. The same is true of Aroclors that have been subjected to
environmental degradation ("weathering") or degradation by treatment technologies. See
Section C below.

Quantitation of PCBs as Aroclors is appropriate for many regulatory compliance
determinations, but is particularly difficult when the Aroclors have been weathered by long
exposure in the environment. Such weathered multi-component mixtures may have
significant differences in peak patterns than those of Aroclor standards. If significant
weathering is present, the client may want to have the sample analyzed for PCB congeners.
This method is not performed by Spectrum Analytical and would be sent out at significant
cost to the client and done only at the client's request.
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D. The selected columns, detectors and calibration procedures are appropriate for the 8082
analysis. Matrix-specific performance data (i.e. MDLs) must be established and the stability
of the analytical system and instrument calibration must be established for each analytical
matrix (e.g., hexane solutions from sample extractions, diluted oil samples, etc.). Example
chromatograms and GC conditions are provided as guidance.

E This method is restricted to use by, or under the supervision of, analysts experienced in the
use of gas chromatographs (GC) and skilled in the interpretation of gas chromatograms.
Each analyst must demonstrate the ability to generate acceptable results with this method,
in the form of Precision and Accuracy studies.

II SUMMARY OF METHOD

A. A measured volume or weight of sample (approximately 1 L for liquids, 2 to 30 g for solids,
0.5 to 2.0 g for oils / products, or a wipe) is extracted using the appropriate matrix-specific
sample extraction technique.

A. Aqueous samples are extracted at neutral pH with methylene chloride using Method 3510
(separatory funnel) or Method 3535 (SPE).

C. Solid samples are extracted with hexane-acetone (1:1) or methylene chloride-acetone (1:1),
methylene chloride, or hexane.

D. Extracts for PCB analysis may be subjected to a sulfuric acid/potassium permanganate
cleanup (Method 3665) designed specifically for these analytes. This cleanup technique will
remove (destroy) many single component organochlorine or organophosphorus pesticides.
Therefore, Method 8082 is not applicable to the analysis of those compounds. Instead, use
Method 8081.

E. After cleanup, the extract is analyzed by injecting a 1 to 2-uL aliquot (depending on the GC)
into a gas chromatograph equipped with a wide-bore fused silica capillary column and
electron capture detector (GC/ECD).

F. The chromatographic data may be used to determine the nine Aroclors in Sec. I-A.

HI INTERFERENCES

A. Refer to Methods 3500 (Sec. 3.0, in particular), 3600, and 8000 for a discussion of
interferences.
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B. Interferences co-extracted from the samples will vary considerably from matrix to matrix.
While general cleanup techniques are referenced or provided as part of this method, unique
samples may require additional cleanup approaches to achieve desired degrees of
discrimination and quantitation. Sources of interference in this method can be grouped into
three broad categories.

1 . Contaminated solvents, reagents, or sample processing hardware.

2. Contaminated GC carrier gas, parts, column surfaces, or detector surfaces.

3. Compounds extracted from the sample matrix to which the detector will respond.

C. Interferences by phthalate esters introduced during sample preparation can pose a major
problem in PCB determinations.

1 . Common flexible plastics contain varying amounts of phthalate esters, which are
easily extracted or leached from such materials during laboratory operations.
Avoiding contact with any plastic materials and checking all solvents and reagents
for phthalate contamination can best minimize interferences from phthalate esters.

2. Exhaustive cleanup of solvents, reagents and glassware may be required to eliminate
background phthalate ester contamination.

3. These materials can be removed through the use of Method 3665 (sulfuric
acid/permanganate cleanup).

D. Cross-contamination of clean glassware routinely occurs when plastics are handled during
extraction steps, especially when solvent-wetted surfaces are handled. Glassware must be
scrupulously cleaned. Clean all glassware as soon as possible after use by rinsing with
methylene chloride. This is followed by detergent washing with hot water and Alconox, and
rinsed with tap water. The glassware is drained, and dried in an oven at 130° C for several
hours. The dry glassware is then stored in the SVOC glassware cabinets.

NOTE: Oven-drying of glassware used for PCB analysis can increase contamination
because PCBs are readily volatilized in the oven and spread to other glassware.
Therefore, exercise caution, and do not dry glassware from samples containing

high concentrations of PCBs with glassware that may be used for trace analyses.
This can be avoided by cleaning the glassware with the solvent methylene

chloride prior to washing.

E. Elemental sulfur (Ss) is readily extracted from soil samples and may cause chromatographic
interferences in the determination of PCBs. Sulfur can be removed through the use of
Method 3660.
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IV. APPARATUS AND MATERIALS

A. Gas chromatograph - An analytical system complete with gas chromatograph suitable for on-
column and split-splitless injection and all required accessories including syringes, analytical
columns, gases, electron capture detectors (BCD), and recorder/integrator or data system.
Spectrum uses the following GCs for the 8082 method: a Perkin Elmer Autosystem

(GC#0), a Perkin Elmer Clarus 500 (GC#1), a Perkin Elmer Autosystem XL (GC#5), and
two Agilent 6890 GC system (GC#1 1 and GC#12). Spectrum Analytical uses the following
data systems: Turbochrom (GC#0), Totalchrom (GC#1, GC#5), and Chemstation (GC#1 1,
GC#12).

B. GC columns - GC#0 is equipped with an Agilent 0.53 DB-5MS High Speed Megabore
capillary column, GC#1 is equipped with a Restek STX-CLP capillary column, GC#5 is
equipped with an Agilent 0.53 DB-5MS High Speed Megabore capillary column, GC#11
is equipped with both a Restek STX-CLP capillary column (channel A) and an Agilent 0.53
DB-5MS High Speed Megabore capillary column (channel B) and GC#12 is equipped with
both an Agilent 0.53 DB-5MS High Speed Megabore capillary column (channel A) and a
Restek STX-CLP capillary column (channel B).

C. Laboratory Oven (Blue M).

D. Centrifuge (variable speed lab grade).

E. Analytical balance capable of accurately weighing 0.000 1 g (Mettler AE 200).

F. PTFE separatory funnel = 2000 mL with Teflon screw cap.

G. Volumetric flasks: 1, 2, 10, 25, 50, 100, 250, and 1000 mL.

H. Vials = 2mL screw cap and crimp cap, 20 mL with Teflon-lined screw cap.

I. 2mL vial crimper and a 2mL vial de-crimper.

J. PFTE solvent wash bottles for hexane, memylene chloride, and acetone.

K. Disposable borosilicate glass Pasteur pipettes.

L. 100 mL graduated cylinder.

M. Syringes: 100, 500, 1000 uL.

N. Micro syringes: 10, 25, 50 uL.
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O. Whatman ashless filter papers.

P. Muffled metal spatula.

Q. Chromatographic column 400mm long * 22mm ID with Teflon stopcock and course frit filter
disc.

R. An oven that can be set to 400 degrees C for the sodium sulfate.

S. Turbo Vap Concentrator - Zymark Corporation.

T. Compressed nitrogen gas (for the TurboVap).

U. Certified grade ultra P-5 (ECD) argo-methane (5% methane and 95% Argon) for the ECD
make-up gas.

V. Ultra high purity grade compressed helium (GC carrier gas).

W. Fisherbrand 6-inch cotton tipped applicator.

X. ASE Extractor, Extraction Tubes, and ASE Filters

Y. Hydromatrix

Z. Whatman Cellulose Single Thickness Extraction Thimbles 35mm x 80mm

V. REAGENTS

A. Reagent grade or pesticide grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to specifications of the Committee
on Analytical Reagents of the American Chemical Society, where such specifications are
available.

Sample extracts prepared by Methods 3510, 3520, 3535, 3540, 3541, 3545, or 3550 using
methylene chloride need to undergo a solvent exchange step prior to analysis. The following
solvents and compounds are necessary for extraction and concentration of samples. All
solvent lots should be pesticide quality or equivalent and should be determined to be
phthalate-free.

1 . n-Hexane, CeHu, Pesticide quality or equivalent.

2. Methylene Chloride, Ct^Cb, Pesticide quality or equivalent.
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3. Sodium Sulfate, granular, anhydrous and purified by heating at 400°C for four hours.

4. Sodium Hydroxide Solution ( 1 ON), Dissolve 40g of NaOH in DI H2O and dilute to
lOOmL final volume.

5. Sulfuric acid (1:1), Dilute lOmL of H2SO4 into lOmL of DI H2O.

6. Acetone, (CH3)2CO.

7. Ethyl Ether, Nanograde, Pesticide quality or equivalent.

8. Florisil, PR Grade (60/1 00 mesh), activate by heating at 1 30°C for six hours.

9. Ethyl Acetate, Pesticide quality or equivalent.

C. The following solvents may be necessary for the preparation of standards. All solvent lots
must be pesticide quality or equivalent and should be determined to be phthalate-free.

1. n-Hexane,
2. Isooctane, (CH3)3CCH2CH(CH3)2

D. Organic-free reagent water - All references to water in this method refer to organic-free de-
ionized reagent water (ASTM Type I).

E. Stock standard solutions ( 1 000 mg/L) - May be prepared from pure standard materials or can
be purchased as certified solutions. Spectrum Analytical recommends the use of commercially
prepared stock standard solutions, see E,2 below.

1. Prepare stock standard solutions by accurately weighing about 0.0100 g of pure
compound. Dissolve the compound in isooctane or hexane and dilute to volume in
a 10-mL volumetric flask. If compound purity is 96 percent or greater, the weight
may be used without correction to calculate the concentration of the stock standard
solution. This method is not typically used by Spectrum Analytical for PCBs. See
section E,2 for more information.

2. Commercially prepared stock standard solutions may be used at any concentration
if they are certified by the manufacturer or by an independent source. Below is the
recommended list that Spectrum Analytical uses.
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Recommended Standards for this SOP
(Ultra Scientific 401-294-9400)

MafetiJi^turer
Ultra Scientific
Ultra Scientific
Ultra Scientific
Ultra Scientific
Ultra Scientific

Part#
IST-440
PPS-171
PPS-150
PPM-8082
RPCK-1A

Cottipoiuidl
2,4,5,6-Tetra-Chloro-m-Xylene Solution
4,4 ' -Dibromooctafluorobiphenyl Solution
Decachlorobiphenyl Solution
EPA Method 8082 Calibration Mixture
Aroclor Solutions Kit (all of the PCBs)

F. Calibration standards for Aroclors

1. A standard containing a mixture of Aroclor 1016 and Aroclor 1260 will include many
of the peaks represented in the other seven Aroclor mixtures. As a result, a multi-
point initial calibration employing a mixture of Aroclors 1016 and 1260 at five
concentrations should be sufficient to demonstrate the linearity of the detector
response without the necessity of performing initial calibrations for each of the nine
Aroclors. In addition, such a mixture can be used as a standard to demonstrate that
a sample does not contain peaks that represent any one of the Aroclors. This
standard can also be used to determine the concentrations of either Aroclor 1016 or
Aroclor 1260, should they be present in a sample. Prepare a minimum of five
calibration standards containing equal concentrations of both Aroclor 1016 and
Aroclor 1260 by dilution of the stock standard with isooctane or hexane. The
concentrations should correspond to the expected range of concentrations found in
real samples and should bracket the linear range of the detector.

2. Single standards of each of the other seven Aroclors are required to aid the analyst
in pattern recognition. Assuming that the Aroclor 1016/1260 standards described in
Sec. 5.6.1 have been used to demonstrate the linearity of the detector, these single
standards of the remaining seven Aroclors are also used to determine the calibration
factor for each Aroclor. Prepare a 0.5ug/mL standard for each of the other Aroclors.
The concentrations should correspond to the mid-point of the linear range of the

detector.

G. Internal standard

1. When PCB Aroclors are to be determined, the use of an internal standard is required
by Spectrum Analytical. Internal standard calibrations typically last longer than
external standard calibrations. This saves the company time and money. 2,4,5,6-
Tetrachloro-m-xylene is to be used as an internal standard 0.02ug/mL, added to each
sample extract prior to analysis, and included in each of the initial calibration
standards.
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To prepare a 20uL internal standard spiking solution, spike lOOuL of 2,4,5,6-
Tetrachloro-m-xylene solution to a final volume of 20mL hexane or isooctane. Spike
20uL into the concentrated sample extract. This will give you a concentration of
0.02 ug/mL. Record your work in the EPA 608 SW-846 8081 8082 PCBs and
Pesticides Standard LogBook and in the Element LIMS under standards. Refer to
section V,I for labeling and storage.

H. Surrogate Standards

1. When PCBs are to be determined as Aroclors, both 4,4'-dibromooctafluorobiphenyl
and decachlorobiphenyl are to be used as surrogates, and are added to each sample
prior to extraction.

To prepare a ImL surrogate spiking solution, spike 128uL of 250ppm 4,4'-
dibromooctafluorobiphenyl solution and 32uL of lOOOppm decachlorobiphenyl
solution into a final volume of 160mL acetone. This will give you a concentration
of 0.2ug/mL. Spike ImL into sample matrix and extract. Your sample will now
contain surrogate at a concentration of 0.02ug/mL. Record your work in the EPA
608 SW-846 8081 8082 PCBs and Pesticides Standard LogBook and in the Element
LIMS under standards. Refer to section V,I for labeling and storage.

I. Standard Vial Labeling and Storage Procedure

When labeling prepared standard vials, the analyst needs to make sure that the following is
written on the outside of the 20mL vial: the solution name, the analyst initials, the date the
solution will expire, and the Element LIMS standard code. Follow the same procedure when
transferring the contents of an ampule to a 2mL vial.

Store all prepared standards (stock, composite, calibration, internal, and surrogate standards)
at 4°C in polytetrafluoroethylene (PTFE)-sealed containers in refrigerator #17, in the "current
standards" storage box. This box is meant to protect the standards from light. When a lot of
standards is prepared, it is recommended that aliquots of that lot be stored in individual small
vials (20 to 40 mL). All stock standard solutions must be replaced after one year or sooner if
routine QC (Sec. 8.0) indicates a problem. All other standard solutions must be replaced after
six months or sooner if routine QC (Sec. 8.0) indicates a problem. Once a standard expires,
transfer it to the "expired standards" storage box, or dispose of it properly in a properly labeled
waste container.

All of your standards need to be entered into both the Standard Logbook and the Element
LIMS either before or after the standards are prepared. Log into Element LIMS and select the
"Laboratory" tab. Then select the "Standards" tab. Then select what you need to do, such as
"Add", "Edit", or "Copy". Simply enter exactly how the standard was prepared and enter
everything in mL (lOOuL = O.lmL, etc). Fill in all the fields with the proper information.
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VI. SAMPLE COLLECTION, PRESERVATION, AND HANDLING

A. Spectrum Analytical provides glassware to all of our clients and is preferred because it meets
all method requirements. Spectrum also provides sterile wipes to our clients for the wipe
analysis.

B. Aqueous samples must be collected in one liter, amber glass bottles. Once the samples are
received by Spectrum, they are refrigerated in the lab at 4°C, extracted within seven (7) days
of collection, and analyzed within forty (40) days of extraction. NOTE: A delay between
sampling and extraction of greater than seventy-two (72) hours requires sample preservation
by the addition of sodium hydroxide or sulfuric acid to adjust the pH within the range of (5.0
to 9.0).

C. Soil samples must be collected in pre-cleaned glass soil jars or 40mL VOA vials with
minimal head space, refrigerated in the lab at 4°C, extracted within fourteen (14) days of
collection, and analyzed within forty (40) days of extraction.

D. Oil samples must be collected in pre-cleaned glass soil jars or 40mL VOA vials with minimal
head space, refrigerated in the lab at 4°C, extracted within fourteen (14) days of collection,
and analyzed within forty (40) days of extraction.

E. Wipe samples must be collected in pre-cleaned glass soil jars or 40mL VOA vials with
minimal head space, refrigerated in the lab at 4°C, extracted within fourteen (14) days of
collection, and analyzed within forty (40) days of extraction.

VII. PROCEDURE

A. Liquid-Liquid Extraction of Water Samples (Refer to EPA Methods SW846 3510 and 3535,
for guidance on choosing the extraction procedure for water samples) using the SW-846
3510 method.

1. Check pH of the sample with wide-range pH paper and if necessary adjust with
sodium hydroxide or sulfuric acid to a pH range of (5.0 -9.0). Refer to SW-846,
Method 3510B, Separately Funnel Liquid-Liquid Extraction, table 1.

2. la 40mL VOA vial to the top with the sample and store for possible future use
(confirmation of analysis). Label with lab ID. No air bubbles should be present.
This is a policy that was implemented by the laboratory director several years ago
as a confirmation check when necessary.
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3. Mark the water meniscus on the side of the sample container and transfer it to a two-
liter separatory funnel. Spike the water with ImL of PCB surrogate. Record volume
and surrogate tracking ID.

4. Add 60 mL of methylene chloride to the sample container, rinse the entire surface
and transfer the solvent to the separately funnel.

5. Seal and shake the separately funnel vigorously for 2 minutes with periodic venting
to release excess pressure.

6. Replace the funnel in its stand and allow the water and methylene chloride phases
to separate for a minimum often minutes. If the emulsion interface between layers
is more than one-third the size of the solvent layer, the analyst must employ
mechanical techniques to complete the phase separation. A stirring rod, pre-cleaned
with methylene chloride, works very well.

7. Slowly drain the methylene chloride layer through a filter funnel containing filter
paper and about 5g sodium sulfate into a labeled (with lab ID and analysis) 250mL
volumetric flask. Note: The sodium sulfate must be baked for 4 hours at 400°C
before use.

8. Repeat the extraction (steps 4, 5, 6 & 7) two more times, combining the extracts into
the same 250mL volumetric flask each time along with thoroughly rinsing the filter
funnel each time.

9. Enter the extraction information into the semi-volatile department bench sheet for
waters. Make sure to include the surrogate, LCS, source sample, and set the final
volume to lOmL.

B. SPE Extraction of Water Samples (Refer to EPA Methods SW846 3510 and 3535, for
guidance on choosing the extraction procedure for water samples) using the SW-846 3535
method.

SW846-3535 Solid-Phase Extraction (SPE)

1. Disk Preparation

Insert a 47 mm Disk into extraction apparatus and pour 5mL of a 1:1 mixture of ethyl
acetate (C2H5OC2H5) methylene chloride (CH2C12) by adding the solvent to the disk.
Draw about haft through the disk, allowing it to soak the disk for one minute, draw
the remaining solvent through the disk under vacuum (15%Hg / 50kPa).
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2. Disk Conditioning

Pour 5mL of methanol (CHaOH) onto disk. Immediately allow low vacuum and
draw solvent through disk until the solvent surface almost reaches the surface of the
disk. DO NOT allow disk surface to have any contact with AIR. Immediately pour
5mL of DI water onto the disk and draw the water through the disk at low vacuum
until the surface of the water is almost at the surface of the disk.

3. Sample Addition

Add 5mL of methanol to each liter of sample and mix sample well. Add sample to
sample reservoir and turn vacuum on low to draw 75-100mL/min through the
extraction disk. The disk surface must NOT be exposed to AIR until the entire
sample has been drawn through the disk. Allow disk to dry under vacuum for 10 min.

4. Analyte Elution

Add 5mL of ethyl acetate to the sample container and rinse well. Allow ethyl acetate
to settle at bottom of bottle before transferring to extraction disk. Attach a 40mL
collection vial to bottom of extraction apparatus before eluting solvent through disk.
Begin drawing ethyl acetate through disk and collect elutant with low vacuum.
Repeat this step using 5mL of methylene chloride. This sample container-rinsing
step will be repeated two more times using 3mL of a 1:1 mixture of ethyl acetate and
methylene chloride. Filter 1:1 combined elutant of ethyl acetate and methylene
chloride through 5-7 grams of anhydrous sodium sulfate and collect. Rinse sodium
sulfate with two 5mL portions of a 1:1 mixture of ethyl acetate and methylene
chloride and collect in concentrator tubes.

5. Enter the extraction information into the semi-volatile department bench sheet for
waters. Make sure to include the surrogate, LCS, source sample, and set the final
volume to lOmL.

Extraction of Soil, Oil, and Wipe Samples

In general, soil samples are extracted according to SW-846 Methods 3545 -Accelerated
Solvent Extraction (ASE), Soxhlet Extraction - SW-846 3540C and 3550B - Ultrasonic
Extraction.

MADEP CAM Requirements - soil samples must be extracted according to
SW846-3545 method (ASE Extraction) or SW846-3540C (soxhlet extraction).
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. Oil, wipe, non-CAM, and highly-contaminated soil samples (over 5,000 ug/K
of expected PCB contaminants) - samples with such matrix will be extracted
according to modified SW846-3550B Ultrasonic extraction.

Soxhlet Extraction Procedure for low and mid levels of PCB Contaminants for
Soil Samples (refer to SW846-3540C Method for specific details).

a. Using a muffled metal spatula, remove the top layer of the sample and
discard. Mix the remaining sample well inside it own container.

b. Weight approximately 10 grams into a thimble. Blend is approximately
10 grams anhydrous sodium sulfate, mix well and let dry at room
temperature for five minutes (or until soil is free flowing). For certain
clients the following drying step may be required. Weigh
approximately 10 to 20 grams into a thimble. Blend in approximately
10 grams anhydrous sodium sulfate, mix well and let dry at 60 degrees
C. for at least 12 hours. Place a circular piece of filter paper on top of
the soil.

c. Add enough boiling chips to fill thimble to just below the top of the
thimble.

d. Prepare a 250-ml boiling flask with two or three boiling chips.

e. Add 140-ml methylene chloride to the boiling flask.

f. Add 1 ml of 8082 surrogate solution. If the sample is a quality control
sample, add the Laboratory Control Sample (LCS) or the matrix spiking
solution.

g. Connect all sections on the hot plate (boiling flask-> extraction tube->
condensation tower).

h. Bring the solvent to a slow boil so that there are four complete cycles per
hour.

i. Let the system reflux for 16 hours.

j. After 16 hours shut the system off and let cool for at least !/2 hour.

k. Remove the thimble to a filter apparatus containing sodium sulfate and let
drain. Rinse the soxhlet apparatus three times with methylene chloride
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through the anhydrous sodium sulfate.

Store all portions of the extraction solvent and the solvent rinsate in a 250
ml amber bottle until ready for the concentration step.

Enter the extraction information into the semi-volatile department bench
sheet for soils. Make sure to include the surrogate, LCS, source sample,
and set the final volume to lOmL.

2. Accelerated Solvent Extraction Procedure (ASE) for Low and Mid-Levels of PCB
Contaminants for Soil Samples (refer to SW846-3545A Method for specific
details).

a. Using a muffled metal spatula, remove the top layer of the sample and
discard. Mix the remaining sample well inside it own container.

b. Weigh approximately 7 to 30g (depending on contamination, matrix, and
percent solids) into a glass beaker. Add about approximately 5 to 1 Og of
Hydro Matrix powder to the glass beaker, mix well and let dry at room
temperature for 5 minutes.

c. Transfer contents of the beaker into the extraction cell. Add 1 mL of 8082
surrogate solution, cover it tightly and place the cell on Accelerated
Solvent Extraction auto-sampler (AES). Listed below are the extracting
conditions related to this method.

Extraction Conditions:

Preheat
Heat
Static Time:
Flush Volume:
Purge:
Static Cycle:
Nitrogen Pressure:
Oven Temperature:
Solvent:

0
5
5Min
30% cell volume
60 seconds
2Min
1500PSI
100C
Hexane:Acetone (1:1)

NOTE: Sample results are reported on a dry-weight basis. Method
SM2540b is used for the determination of percent moisture.
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3. Ultrasonic Extraction - SW-846 Method 3550B for Low and Mid-Levels of PCB
Contaminants for Soil Samples

a. Wait for sample to come to room temperature before extraction.

b. Decant and discard any water layer on a sediment sample. Discard any
foreign objects such as sticks, leaves, and rocks. Remove the sample
headspace and homogenize entire sample in jar. The professional judgment
of the analyst is required for handling of any difficult matrices.

c. Weigh out 15 to 30 grams of soil into a 150mL volumetric flask. Refer to
SW-846, method 3550A, section 7.3. Record weight on bench sheet.

d. Add eight to twelve spoons (128 to 192 grams) of sodium sulfate to the
150mL beaker. Set aside for 10 minutes to dry. The sodium sulfate must be
baked for 4 hours at 400°C prior to use.

e. Add ImL of PCB surrogate to the sample.

f. Add 1 OOmL methylene chloride:acetone (1:1) to the beaker.

v g. Sonicate the soil beaker for 3 minutes using a sonic dismembrator. Verify
that the dismembrator is set on 1-second pulses.

h. Pour solvent through a funnel containing filter paper and 3 spoons of sodium
sulfate. Collect in a labeled (w/ lab ID and analysis) flask.

i. Repeat steps f, g, and h.

j. Repeat steps f, g, and h again.

k. Using a TurboVap, concentrate to ImL. Exchange to hexane. Bring up to
lOmL final volume. Spike with internal standard and run.

1. Enter the extraction information into the semi-volatile department bench
sheet for soils. Make sure to include the surrogate, LCS, source sample,
and set the final volume to lOmL.
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4. Highly Contaminated Soil Samples - Modified SW-846 Method 3550B

a. Wait for sample to come to room temperature before extraction.

b. Decant and discard any water layer on a sediment sample. Discard any
foreign objects such as sticks, leaves, and rocks. Remove the sample
headspace and homogenize entire sample in jar. The professional judgment
of the analyst is required for handling of any difficult matrices.

c. Weigh out two to seven grams of soil into 20mL Teflon capped glass vial.
Label vial with lab ID on the top of the cap and on the side of the vial.
Record weight.

d. Add two or three spoons (4.8 to 7.2 grams) of sodium sulfate to the 20mL
vial. Set aside for 10 minutes to dry. The sodium sulfate must be baked for
4 hours at 400°C before use.

e. Using a lOmL volumetric combine ImL of PCB surrogate and 9mL hexane.
Add to the vial. Record the surrogate tracking Element ID.

f. Sonicate the soil vial for 5 minutes using our sonic bath (it is too powerful
and will evaporate the sampleif left on there much longer).

g. Enter the extraction information into the semi-volatile department bench
sheet for soils. Make sure to include the surrogate, LCS, source sample,
and set the final volume to lOmL.

5. Oil Samples

a. Wait for sample to come to room temperature before extraction.

b. Homogenize oil sample in jar.

c. Weigh out approximately 0.5 to 1.0 gram of oil into a clean lOmL volumetric
cylinder. The professional judgment of the analyst is required for handling
of any difficult matrices.

d. Add ImL of PCB / pesticide surrogate into the lOmL volumetric cylinder
containing the oil. Bring up to lOmL with hexane. Label a Teflon capped
20mL vial with lab ID and analysis code. Pour contents of the lOmL
volumetric cylinder into the 20mL vial.
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e. Sonicate the 20mL vial for five minutes. Sonication is not required by the
method, however it helps the oil to mix better if there are any impurities
present within the matrix.

f. Enter the extraction information into the semi-volatile department bench
sheet for products and product solids. Make sure to include the surrogate,
LCS, source sample, and set the final volume to lOmL.

6. Wipe Samples

a. Wait for sample to come to room temperature before extraction.

b. The sample should contain a wipe along with 25mL of hexane. If the sample
only contains a wipe, add 25mL of hexane. Spike ImL of surrogate into the
solvent.

c. Sonicate the wipe vial for five minutes. Sonication is not required by the
method, however it helps the wipe contamination to mix better with the
hexane if there are any impurities present within the matrix.

d. Concentrate the hexane down to lOmL final volume using the TurboVap
technique. Use enough extra hexane to rinse the wipe if necessary.

e. Enter the extraction information into the semi-volatile department bench
sheet for wipes. Make sure to include the surrogate, LCS, source sample, and
set the final volume to lOmL. Set the initial volume to ImL.

7. Air Samples

a. Rinse all glassware with DI water, acetone and hexane.

b. Charge the round bottom flask with 140 ml hexane and add boiling chips.

c. Using rinsed forceps, remove the filter/PUF from the glass cartridge and
place
in soxhlet extractor.

d. Spike PUF with lOOul of dibromooctaflurobiphenyl/decachlorobiphenyl
surrogate solution. The concentration is 0.02 ug/ml.

e. Check water flow of the cooling tower condensers. Turn heating units on. As
Sample boils, extractors should be checked for leaks.
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f. Samples should cycle for a minimum of 16 hours. At the end of the 16 hours
samples should be turned off and cooled to room temperature. The extracts
are transfer to turbo vap tubes and concentrated to 1 ml.

g. PUF's have a 7 day holding time for extraction and a 40 holding time for
analysis. PUF's should be stored at <4 degrees C prior to extraction.

D. Sample Concentration (TurboVap)

General Guidelines

1. The shorter the amount of concentration time, the better the recoveries (180mL
CH2C12 should take 30-45 minutes).

2. Keep the nitrogen pressure as high as you can, without splashing; thereby increasing
the pressure as the volume decreases.

3. The nitrogen is creating a patented vortex shearing along the sides of the TurboVap
II tube. This facilitates the rinsing as the sample concentrates, which results in better
analyte recovery. Therefore, if you start your pressure at lOpsi with 180mL, and
keep it a lOpsi when the volume is at 50mL, lOpsi is not enough pressure to rinse the
tube when the level of the solvent is further away from the nitrogen nozzle.

4. Water bath temperatures for methylene chloride should be 45-50°C; nitrogen
pressures 10-20psi.

5. Nitrogen pressures 10-20psi for 200mL tubes and 7-20psi for 50mL tubes.

6. Please avoid splashing - pressure may be too high when sample tube is full.

7. If there is water in the extract due to extremely humid conditions in the
laboratory, one of two things may help.

a. Use higher bath temperatures; try 2°C increases.

b. Place a small piece of aluminum foil over each sample tube. Let the nitrogen
nozzle poke through the foil and create an additional small exit hole in the
foil using a sharp object. This creates a "closed cell" environment that can
minimize the amount of humid air passing over the surface of the tubes.
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8. Solvent exchange can be done directly in the TurboVap II tube. After the initial
solvent has concentrated, add your aliquot (s) of exchange solvent by rinsing down
the sidewalls of the TurboVap II tube. Temperatures may be increased at this time
and concentration is continued.

9. Prolong the life of the sensors by keeping the water bath clean (use Clear Bath and
replace water periodically). Removing the Final Extract from the TurboVap II tube

Because the TurboVap II is graduated (with a 5% tolerance), a traditional
quantitative transfer is not required. The sample can be brought to a final volume in
the TurboVap II tube and then exchanged to hexane.

10. Concentrate your extract following the "Recommended Operating Guidelines".

11. Whether you selected TIMED or SENSOR endpoint, remove the sample from the
warm bath at the sound of the beep.

12. Hold the TurboVap II tube at eye level.

13. Using a 9 inch borosilicate glass disposable pipette, add enough fresh solvent
(hexane) to bring the sample to the ImL mark by rinsing down the side walls of the
TurboVap II tube in a swirling motion at the point just above where the tube
narrows.

14. Bring up to lOmL volume with hexane.

15. Transfer to a 20mL glass vial and label.

E. Laboratory Blanks, Blank Spikes, Duplicates, and Matrix Spikes

1. Reference materials, field-contaminated samples, or spiked samples should be used
to verify the applicability of the selected extraction technique to each new sample
type. Such samples should contain or be spiked with a known Aroclor 1016/1260
spiking solution. Element LIMS automatically selects the appropriate QC samples
that need to be run for each bench sheet. All weight or volume information will have
to be entered into element along with the proper source sample ID (for duplicates,
MS, and MSD samples). For more information, see the attached copy
(ATTACHMENT I) of the Massachusetts Department of Environmental Protection
Bureau of Waste Site Cleanup, BWSC-CAM, Revision No. 3, Table V A-l Specific
QA/QC Requirements and Performance Standards for SW-846 Method 8082.

2. Blank (or Solvent Blank). Each batch of twenty samples or less must have a blank
extracted with it. A blank is prepared by spiking ImL of surrogate solution into a
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clean matrix and extract it the same way you extracted the rest of the bench sheet.
For water bench sheets, use one (1) liter of DI H^O. For soil bench sheets use 7g of
sea or Ottawa sand. For oil or product bench sheets use 0.5g of corn oil. For wipe
bench sheets, use a wipe in a 40mL amber VGA.

3. Blank Spike (or LCS). Each batch of twenty samples or less must have a blank spike
extracted with it. A blank spike is prepared by spiking ImL of surrogate solution
and ImL of blank spiking solution into a clean matrix and extract it the same way
you extracted the rest of the bench sheet. For water bench sheets, use one (1) liter of
DI F^O. For soil bench sheets use 7g of sea or Ottawa sand. For oil or product bench
sheets use 0.5g of corn oil. For wipe bench sheets, use a wipe in a 40mL amber
VOA.

To prepare a ImL blank spike spiking solution, spike ImL of lOOOppm EPA Method
8082 Calibration Mixture into a final volume of 400mL acetone. This will give you
a concentration of 2.5ug/mL. Spike ImL into sample matrix and extract. Record
your w
ork in the EPA 608 SW-846 8081 8082 PCBs and Pesticides Standard LogBook and
in the Element LIMS under standards. Store away from light, at 4°C, in refrigerator
#17, in 10 40mL amber VOAs that have been labeled with the preparation date,
Element number, expiration date, and title.

4. Duplicate. Each batch of twenty samples or less must have a duplicate extracted
with it. Pick a sample that doesn't look contaminated (i.e. greasy, smelly, etc.), if
possible. A duplicate is prepared by spiking ImL of surrogate solution and
extracting the sample following the applicable procedure in section VII. For water
samples that do not come with an extra amber liter, split the sample in half. As this
method requires duplicates, this is the only way to meet the QC requirements if the
client does not provide enough sample matrix. For soil and oil/product, enough
sample matrix is typically provided. Do not do a duplicate for a wipe bench sheet
unless it is provided.

5. Matrix Spike. Each batch of twenty samples or less must have a matrix spike
extracted with it. Pick the same sample as the duplicate, if possible. A matrix spike
is prepared by spiking ImL of surrogate solution (see section V,H). and ImL of
matrix spiking solution and extracting the sample following the applicable procedure
in section VII. If the client does not provide enough sample, do not perform a matrix
spike.

To prepare a ImL matrix spiking solution, spike ImL of lOOOppm EPA Method
8082 Calibration Mixture into a final volume of 400mL acetone. This will give you
a concentration of 2.5ug/mL. Spike ImL into sample matrix and extract. Record
your work in the EPA 608 SW-846 8081 8082 PCBs and Pesticides Standard
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LogBook and in the Element LIMS under standards. Store away from light, at 4°C,
in refrigerator #17, in a 10 40mL amber vials that have been labeled with the
preparation date, Element number, expiration date, and title.

6. Matrix Spike Duplicate. Each batch of twenty samples or less must have a matrix
spike duplicate extracted with it. Pick the same sample as the matrix spike. A
matrix spike duplicate is prepared by spiking ImL of surrogate solution (see section
V,H) and 1 mL of matrix spiking solution and extracting the sample following the
applicable procedure in section VII. If the client does not provide enough sample,
do not perform a matrix spike duplicate.

F. Extract cleanup

1. Refer to Methods 3660 and 3665 for information on extract cleanup.

2. Methylene chloride is the major source of possible contamination when analyzing
samples with this method due to its use in extracting semi-volatile organic
compounds. To minimize this possibility, all preparations of samples and standards
are done in a fume hood in the semi-volatiles prep room.

3. Method interference may also be caused by contaminants in other reagents and
glassware (i.e., 200mL TurboVap concentrator tubes). Therefore, to further prevent
cross contamination of samples, glassware must be solvent rinsed with methylene
chloride, washed with Alconox, oven dried, and solvent rinsed prior to use. All these
materials must be routinely checked for interferences by running a laboratory solvent
blank. This solvent blank must be extracted and concentrated under the conditions
of the analysis.

4. Some PCB analytes may carry over from either high level samples or because of their
specific degradation in a dirty injection port. Therefore, cleanup blanks must be run
after high level samples to insure that contamination from the preceding sources is
not detectable. A cleanup blank consists of a 2ml vial filled with hexane.

5. Matrix interferences by co-extracted materials such as plant and animal fats, waxes
and phthalate esters can pose a major problem in PCB determination when using the
electron capture detector (BCD). A clean up of reagents and glassware may be
required to eliminate background phthalate contamination. A Florisil column
cleanup technique can also be used for PCB analysis.

a. Florisil Column Cleanup Procedure. Bake Florisil for 6 hours at 130°C
before use. Weigh 21g of Florisil and slowly add it to a chromatographic
column (refer to Apparatus in section IV). Do not use Florisil cleanup with
pesticides, as you will lose recoveries of most organochlorine pesticides.
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Florisil works great for dirty PCB contaminated samples.

b. Gently settle the Florisil by tapping the column, and then add 1 to 2 cm of
sodium sulfate to the top of the Florisil.

c. Pre-elute the column with 60mL of hexane. Discard the eluate and just prior
to exposure of the sodium sulfate layer to the air, close the stopcock.

d. Transfer the sample extract (lOmL) in the chromatography column and rinse
with 2mL of hexane.

e. Adjust the position of the chromatography column to the top of the
evaporation flask (K-D) and the concentrator tube. Slowly drain the column
into the evaporation flask just prior to exposure of the sodium sulfate layer
to the air. Elute the column with 200mL of 6% ethyl ether in hexane (V/V)
at the rate of 5 ml / min.

f. Using two more concentrator tubes, proceed with the elution technique
described in step five. This is done by eluting two specific fractions listed
below:

Fraction 2 = 200mL of 15% ethyl ether in hexane.
Fraction 3 = 200mL of 50% ethyl ether in hexane.

g. Proceed with the concentration technique (refer to section B, Concentration)
to a final volume of lOmL and analyze by gas chromatography.

NOTE: The acceptance criteria of the cleanup technique are +15% or
less of the theoretical value.

6. PCB calibration tends to last a lot longer then say, pesticide calibration. If recoveries
do begin to go outside of the range, some corrective actions will be necessary.
Corrective action involves cooling down the GC and cleaning out the glass liner and
replacing and re-packing the glass wool. This will usually improve performance.

Removing the column, cutting the ends, and replacing the ferrules will also greatly
improve performance. If neither of the above techniques work, new calibration will
be required.

G. GC Conditions

This method is set up on three GCs as a single-column configuration in the injector port.
Wide-bore columns are used on each instrument. See ATTACHMENT II. See Section
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7.11 for information on techniques for making positive identifications of multi-component
analytes.

1. Single-column analysis

This capillary GC/ECD method allows the analyst the option of using 0.25-0.32 mm
ID capillary columns (narrow-bore) or 0.53 mm ID capillary columns (wide-bore).
The use of narrow-bore (0.25-0.32 mm ID) columns is recommended when the
analyst requires greater chromatographic resolution. Use of narrow-bore columns
is suitable for relatively clean samples or for extracts that have been prepared with
one or more of the clean-up options referenced in the method. Wide-bore columns
(0.53 mm ID) are suitable for more complex environmental and waste matrices.
Spectrum Analytical uses the wide-bore columns as most of our samples consist of
environmental and waste matrices.

2. GC temperature programs and flow rates

a. ATTACHMENT II lists GC operating conditions for the analysis of PCBs as
Aroclors for single-column analysis, using either narrow-bore or wide-bore
capillary columns. Use the conditions in these tables as guidance and
establish the GC temperature program and flow rate necessary to separate the

V... analytes of interest.

b. When determining PCBs as Aroclors, the GC temperature programs listed in
ATTACHMENT II provide chromatographic conditions that give adequate
separation of the characteristic peaks in each Aroclor.

c. ATTACHMENTS III, IV, and V summarize the Aroclor peaks determined
during single-column analysis using the operating conditions listed in
ATTACHMENT II. These selected peaks are provided as guidance as to
what may be achieved using the GC columns, temperature programs, and
flow rates described in this method. Note that the peak numbers used in
these tables are not the IUPAC congener numbers, but represent the elution
order of the peaks on these GC columns.

d. Once established, the same operating conditions must be used for the analysis
of samples and standards.

H. Calibration

1. Prepare calibration standards as described in Sec. V. Refer to Method 8000 (Sec.
VII) for proper calibration techniques for both initial calibration and calibration
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verification. Therefore, the calibration standards must contain the internal standard
(see Sec. V,G) at the same concentration as the sample extracts.

NOTE: Because of the sensitivity of the electron capture detector, the injection port
and column should always be cleaned prior to performing the initial
calibration. The ECD will need to acclimate overnight before it is usable.

2. When PCBs are to be quantitatively determined as Aroclors, the initial calibration
consists of two parts, described below.

a. As noted in Sec. V,F,1, a standard containing a mixture of Aroclor 1016 and
Aroclor 1260 will include many of the peaks represented in the other seven
Aroclor mixtures. Thus, such a standard may be used to demonstrate the
linearity of the detector and that a sample does not contain peaks that
represent any one of the Aroclors. This standard can also be used to
determine the concentrations of either Aroclor 1016 or Aroclor 1260, should
they be present in a sample. Therefore, an initial five-point calibration is
performed using the mixture of Aroclors 1016 and 1260 described in Sec.

b. Standards of the other seven Aroclors are necessary for pattern recognition.
These standards are also used to determine a single-point calibration factor
for each Aroclor, assuming that the Aroclor 1016/1260 mixture in Sec.
XII,G,4,a has been used to describe the detector response. The standards for
these seven Aroclors should be analyzed before the analysis of any samples,
and may be analyzed before or after the analysis of the five 1016/1260
standards in Sec. XII,G,4,a. See attachments III, IV, and V.

c. In situations where only a few Aroclors are of interest for a specific project,
the analyst may employ a five-point initial calibration of each of the Aroclors
of interest (e.g., five standards of Aroclor 1232 if this Aroclor is of concern)
and not use the 1016/1260 mixture described in Sec. VII,H,2,a or the pattern
recognition standards described in VII,H,2,b.

3. Establish the GC operating conditions appropriate for the configuration (see
ATTACHMENT II). Optimize the instrumental conditions for resolution of the
target compounds and sensitivity. A final temperature of 260-275° C (depends on
the column upper temperature limit) will be required to elute the surrogate
decachlorobiphenyl. Use of injector pressure programming will improve the
chromatography of late eluting peaks.

NOTE: Once established, the same operating conditions must be used for both
calibrations and sample analyses.
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4. A 2-uL injection of each calibration standard is recommended. Other injection
volumes may be employed, provided that the analyst can demonstrate adequate
sensitivity for the compounds of interest. Spectrum uses luL on both GC#0, GC#1 ,
GC#5 and uses 2uL on GC#1 1 and GC#12.

5. Record the peak area for each characteristic Aroclor peak to be used for quantitation.

a. A minimum of 3 peaks must be chosen for each Aroclor, and preferably 5
peaks. The peaks must be characteristic of the Aroclor in question. Choose
peaks in the Aroclor standards that are at least 25% of the height of the
largest Aroclor peak. For each Aroclor, the set of 3 to 5 peaks should include
at least one peak that is unique to that Aroclor. Use at least five peaks for the
Aroclor 1016/1260 mixture, none of which should be found in both of these
Aroclors.

b. Late-eluting Aroclor peaks are generally the most stable in the environment.

6. When determining PCBs by the internal standard procedure, calculate the response
factor (RF) for each peak in the calibration standards relative to the internal standard,
2,4,5,6-tetra-chloro-meta-xylene, using the equation that follows.

As x Cjs

A; S XC S

As = Peak area (or height) of the analyte or surrogate.
Ajs = Peak area (or height) of the internal standard.
Cs = Concentration of the analyte or surrogate, in ug/L.
Cjs = Concentration of the internal standard, in ug/L.

7. The response factors or calibration factors from the initial calibration are used to
evaluate the linearity of the initial calibration. This involves the calculation of the
mean response or calibration factor, the standard deviation, and the relative standard
deviation (RSD) for each congener or Aroclor peak. See Method 8000 for the
specifics of the evaluation of the linearity of the calibration and guidance on
performing non-linear calibrations. When the Aroclor 1016/1260 mixture is used to
demonstrate the detector response, the calibration model (see Method 8000) chosen
for this mixture must be applied to the other five Aroclors for which only single
standards are analyzed. If multi-point calibration is performed for individual
Aroclors (see Sec. VII,D,3,c), use the calibration factors from those standards to
evaluate linearity.

v.,,.
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V.

I. Retention time windows

Retention time windows are crucial to the identification of target compounds. Absolute
retention times are used for the identification of PCBs as Aroclors. Retention time windows
are established to compensate for minor shifts in absolute retention times as a result of
sample loading and normal GC chromatographic shifts. Referring to SW-846 method 8000,
retention time windows are defined as plus or minus three times the standard deviation of
the absolute retention times for each standard. The HP (GC#11) calculates retention time
windows automatically, however they will need to be calculated by hand on the Perkin
Elmer GCs (GC#0 and GC#5) and entered manually.

1. Before establishing retention time windows, make sure the chromatographic system
is operating reliably and that the system conditions have been optimized for the
target analytes and surrogates in the sample matrix to be analyzed. Make three
injections of all multi-component standard analytes over the coarse of a 72-hour
period. Serial injections over a period of less than 72 hours may result in retention
time windows that are too tight.

2. Record the retention time for each single component analyte and surrogate to three
decimal places (e.g. 0.007). Calculate the mean and standard deviation of the three
absolute retention times for each component analyte and surrogate that will be used

V- in the method. An example would be the 14 peaks used to quantitate PCB1260 on
GC#0. The 14 peaks are comprised of one internal standard, two surrogates, and
eleven peaks that are used to quantitate PCB1260. Calculate the mean and standard
deviation of all of these peaks.

3. If the standard deviation of the retention times for a target compound is 0.000 (i.e.,
no difference between the absolute retention times), then the laboratory may either
collect data from additional injections of standards or use a default standard
deviation of 0.01 minutes.

4. The width of the retention time window for each analyte, surrogate, and major
constituent in multi-component analytes is defined as +/- 3 times the standard
deviation of the mean absolute retention time established during a 72-hour period.
If the default standard deviation in section VII,I,3 is employed, the width of the
window will be 0.03 minutes.

5. Establish the center of the retention time window for each analyte and surrogate from
the calibration verification standard at the beginning of the analytical shift. For
samples run during the same shift as an initial calibration, use the retention time of
the mid-point standard of the initial calibration.
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6. The laboratory must calculate absolute retention time windows for each analyte and
surrogate on each chromatographic column and instrument. New retention time
windows must be established when a new GC column is installed. The retention
time windows should be reported with the analysis results in support of the
identifications made.

J. Gas chromatographic analysis of sample extracts

1 . The same GC operating conditions used for the initial calibration must be employed
for sample analyses.

2. Verify calibration each 12-hour shift by injecting calibration verification standards
prior to conducting any sample analyses. A calibration standard must also be
injected at intervals of not less than once every twenty samples (after every 10
samples is recommended to minimize the number of samples requiring re-injection
when QC limits are exceeded) and at the end of the analysis sequence. For Aroclor
analyses, the calibration verification standard should be a 0.5ug/mL mixture of
Aroclor 1016 and Aroclor 1260. The calibration verification process does not
require analysis of the other Aroclor standards used for pattern recognition, but the
analyst may wish to include a standard for one of these Aroclors after the 1016/1260
mixture used for calibration verification throughout the analytical sequence.

a. The calibration factor for each analyte calculated from the calibration
verification standard (CFV) must not exceed a difference of more than ± 15
percent when compared to the mean calibration factor from the initial
calibration curve.

TF TF
% Difference = — fv x 1 00

CF

b. When internal standard calibration is used for PCB congeners, the response
factor calculated from the calibration verification standard (RFV) must not
exceed a ± 1 5 percent difference when compared to the mean response factor
from the initial calibration

% Difference = lv x 1 00
RF

c. If this criterion is exceeded for any calibration factor or response factor,
inspect the gas chromatographic system to determine the cause and perform
whatever maintenance is necessary before verifying calibration and
proceeding with sample analysis.
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d. If routine maintenance does not return the instrument performance to meet
the QC requirements (Sec. VIII,B) based on the last initial calibration, then
a new initial calibration must be performed.

3. Inject a 1 or 2-uL (depending on GC) aliquot of the concentrated sample extract.
Record the volume injected to the nearest 0.05 uL and the resulting peak size in area
(or peak height) units.

4. Qualitative identifications of target analytes are made by examination of the sample
chromatograms, as described in Sec. VII,K.

5. Quantitative results are determined for each identified Aroclor, using the procedures
described in Section 7.8 for the internal calibration procedure (Method 8000). If the
responses in the sample chromatogram exceed the calibration range of the system,
dilute the extract and reanalyze. Peak height measurements are recommended over
peak area when overlapping peaks cause errors in area integration.

6. Each sample analysis must be bracketed with an acceptable initial calibration,
calibration verification standard(s) (each 12-hour shift), or calibration standards
interspersed within the samples. When a calibration verification standard fails to
meet the QC criteria, all samples that were injected after the last standard that last
met the QC criteria must be re-injected.

Multi-level standards (mixtures or multi-component analytes) are highly
recommended to ensure that detector response remains stable for all analytes over
the calibration range.

7. Sample injections may continue for as long as the calibration verification standards
and standards interspersed with the samples meet instrument QC requirements. It is
recommended that standards be analyzed after every 10 samples (required after every
20 samples and at the end of a set) to minimize the number of samples that must be
re-injected when the standards fail the QC limits. The sequence ends when the set
of samples has been injected or when qualitative or quantitative QC criteria are
exceeded.

8. Quantitative result may be questionable. The analyst should consult with the source
of the sample to determine whether further concentration of the sample is warranted.
If the analyst is in doubt as to whether contamination is present, the analyst can
always concentrate the extract down to ImL. Make sure to account for any
differences in internal standard and surrogate because of this.
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9. Use the calibration standards analyzed during the sequence to evaluate retention time
stability. If any of the standards fall outside their daily retention time windows, the
system is out of control. Determine the cause of the problem and correct it.

10. If compound identification or quantitation is precluded due to interference (e.g.,
broad, rounded peaks or ill-defined baselines are present) cleanup of the extract or
replacement of the capillary column or detector is warranted. Rerun the sample on
another instrument to determine if the problem results from analytical hardware or
the sample matrix. Refer to Method 3600 for the procedures to be followed in
sample cleanup.

K. Qualitative Identification

The identification of PCBs as Aroclors using this method with an electron capture detector
is based on agreement between the retention times of peaks in the sample chromatogram
with the retention time windows established through the analysis of standards of the target
analytes. See Method 8000 for information on the establishment of retention time windows.

Tentative identification of an analyte occurs when a peak from a sample extract falls within
the established retention time window for a specific target analyte. Tentative identification
of each peak must be confirmed using a second GC column of dissimilar stationary phase,

v. based on a clearly identifiable Aroclor pattern.

1. The results of a single column/single injection analysis may be confirmed on a
second, dissimilar, GC column. In order to be used for confirmation, retention time
windows must have been established for the second GC column. In addition, the
analyst must demonstrate the sensitivity of the second column analysis. This
demonstration must include the analysis of a standard of the target analyte at a
concentration at least as low as the concentration estimated from the primary
analysis. That standard may be either the individual Aroclor or the Aroclor
1016/1260 mixture.

2. When samples are analyzed from a source known to contain specific Aroclors, the
results from a single-column analysis may be confirmed on the basis of a clearly
recognizable Aroclor pattern. This approach should not be attempted for samples
from unknown or unfamiliar sources or for samples that appear to contain mixtures
of Aroclors. In order to employ this approach, the analyst must document:

The peaks that were evaluated when comparing the sample chromatogram and the
Aroclor standard.

The absence of major peaks representing any other Aroclor.



Revision No.9
^ Date 7/18/05
^ Page 31 of 73

NY LAB # 11393/11840

The source-specific information indicating that Aroclors are anticipated in the sample
(e.g., historical data, generator knowledge, etc.).

This information should either be provided to the data user or maintained by the
laboratory.

L. Quantitation of PCBs as Aroclors

The quantitation of PCB residues as Aroclors is accomplished by comparison of the sample
chromatogram to that of the most similar Aroclor standard. A choice must be made as to
which Aroclor is most similar to that of the residue and whether that standard is truly
representative of the PCBs in the sample. See ATTACHMENT III, IV, and V.

1 . Use the individual Aroclor standards (not the 1016/1260 mixtures) to determine the
pattern of peaks on Aroclors 1221, 1232, 1242, 1248, 1254, 1262, and 1268. The
patterns for Aroclors 1016 and 1260 will be evident in the mixed calibration
standards.

2. Once the Aroclor pattern has been identified, compare the responses of 3 to 5 major
peaks in the single-point calibration standard for that Aroclor with the peaks
observed in the sample extract. The amount of Aroclor is calculated using the
individual calibration factor for each of the 3 to 5 characteristic peaks chosen in Sec.
VII,H,5,a.. and the calibration model (linear or non-linear) established from the
multi-point calibration of the 1016/1260 mixture. A concentration is determined
using each of the characteristic peaks and then those 3 to 5 concentrations are
averaged to determine the concentration of that Aroclor.

3. Weathering of PCBs in the environment and changes resulting from waste treatment
processes may alter the PCBs to the point that the pattern of a specific Aroclor is no
longer recognizable. Any peaks that are not identifiable as PCBs on the basis of
retention times should not be used. When quantitation is performed in this manner,
the problems should be fully described in writing and attached to the data and/ or
Element LIMS Bench sheet.
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M. Chromatographic System Maintenance as Corrective Action

When system performance does not meet the established QC requirements, corrective action
is required, and may include one or more of the following.

1. Metal injector body. Turn off the oven and remove the analytical columns when the
oven has cooled. Lower the injection port temperature to room temperature. Remove
the glass injection port liner (instruments with on-column injection). Inspect the
injection port and remove any noticeable foreign material using a Fisherbrand 6"
cotton tipped applicator. Remove most of the cotton from the end of the applicator
and wet it with methylene chloride. This makes for a perfectly sized cleaning tool
for most glass liners. Gently grip the glass liner with a pair of pliers and hold over
a waste beaker. Rinse the entire liner with methylene chloride. When dry, rinse
again with hexane.

a. Place a beaker beneath the injector port inside the oven. Using a wash bottle,
rinse the entire inside of the injector port with acetone and then rinse it with
hexane, catching the rinsate in the beaker.

b. Consult the manufacturers instructions regarding deactivating the injector
port body. Glass injection port liners may require deactivation with a
silanizing solution containing dimethyldichlorosilane. Glass wool has been
determined to extend the life of the column as it traps non-target particles
from entering the GC system.

2. Column rinsing. The column should be rinsed with several column volumes of an
appropriate solvent. Both polar and nonpolar solvents are recommended. Depending
on the nature of the sample residues expected, the first rinse might be water,
followed by methanol and acetone. Methylene chloride is a good final rinse and in
some cases may be the only solvent required. The column should then be filled with
methylene chloride and allowed to stand flooded overnight to allow materials within
the stationary phase to migrate into the solvent. The column is then flushed with
fresh methylene chloride, drained, and dried at room temperature with a stream of
ultrapure nitrogen.

VIII. QUALITY CONTROL

A. Refer to ATTACHMENT I and Method 8000 for specific quality control (QC) procedures.
Quality control procedures ensure the proper operation of the various sample preparation
techniques can be found in Method 3500. If an extract cleanup procedure was performed,
refer to Method 3600 for the appropriate quality control procedures. Spectrum Analytical
maintains a formal quality assurance program. The QA/QC department will be able to
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handle all of the quality control issues that come up. Spectrum maintains the quality of its
analysis through run logs, bench sheets, logbooks, and Element LIMS system.

B. Quality control procedures necessary to evaluate the GC system operation are found in
Method 8000, Sec. 7.0 and include evaluation of retention time windows, calibration
verification and chromatographic analysis of samples.

C. Initial Demonstration of Proficiency - Each laboratory must demonstrate initial proficiency
with each sample preparation and determinative method combination it utilizes, by
generating data of acceptable accuracy and precision for target analytes in a clean matrix.
The laboratory must also repeat the following operations whenever new staff is trained or
significant changes in instrumentation are made. See Method 8000, Sec. 8.0 for information
on how to accomplish this demonstration.

1. The QC Reference Sample concentrate (Method 3500) should contain PCBs as
Aroclors at 10-50 mg/L for water samples. A ImL volume of this concentrate spiked
into 1L of organic-free reagent water will result in a sample concentration of 10-50
ug/L. If Aroclors are not expected in samples from a particular source, then prepare
the QC reference samples with a mixture of Aroclors 1016 and 1260. However,
when specific Aroclors are known to be present or expected in samples, the specific
Aroclors should be used for the QC reference sample.

a. The frequency of analysis of the QC reference sample analysis is equivalent
to a minimum of 1 per 20 samples or 1 per batch if less than 20 samples or
per twelve (12) hour shift.

b. If the recovery of any compound found in the QC reference sample is less
than 85 percent or greater than 115 percent of the certified value, the
laboratory performance is judged to be out of control and the problem must
be corrected. A new set of calibration standards should be prepared and
analyzed.

2. Include a calibration standard after each group of 20 samples (it is recommended that
a calibration standard be included after every 10 samples to minimize the number of
repeat injections) in the analysis sequence as a calibration check. The response
factors for the calibration should be within 15 percent of the initial calibration.
When this continuing calibration is out of this acceptance window, the laboratory
should stop analyses and take corrective action.
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3. Whenever quantitation is accomplished using an internal standard, internal standards
must be evaluated for acceptance. The measured area of the internal standard must
be no more than 50 percent different from the average area calculated during
calibration. When the internal standard peak area is outside the limit, all samples
that fall outside the QC criteria must be reanalyzed.

D. Sample Quality Control for Preparation and Analysis - Spectrum Analytical has procedures
for documenting the effect of the matrix on method performance (precision, accuracy, and
detection limit). This includes the analysis of QC samples including a method blank, a
matrix spike, a duplicate, and a laboratory control sample (LCS) in each analytical batch and
the addition of surrogates to each field sample and QC sample and matrix specific MDLs.

1. Documenting the effect of the matrix should include the analysis of at least one
matrix spike and one duplicate unspiked sample or one matrix spike/matrix spike
duplicate pair. The decision on whether to prepare and analyze duplicate samples
or a matrix spike/matrix spike duplicate must be based on a knowledge of the
samples in the sample batch. If samples are not expected to contain target analytes,
laboratories should use a matrix spike and matrix spike duplicate pair, spiked with
the Aroclor 1016/1260 mixture. However, when specific Aroclors are known to be
present or expected in samples, the specific Aroclors should be used for spiking. If
samples are expected to contain target analytes, then laboratories may use one matrix
spike and a duplicate analysis of an unspiked field sample.

2. A Laboratory Control Sample (LCS) is included with each analytical batch. The
LCS consists of an aliquot of a clean (control) matrix similar to the sample matrix
and of the same weight or volume. The LCS is spiked with the same analytes at the
same concentrations as the matrix spike. When the results of the matrix spike
analysis indicate a potential problem due to the sample matrix itself, the LCS results
are used to verify that the laboratory can perform the analysis in a clean matrix.

3. See Method 8000, Sec. 8.0 for the details on carrying out sample quality control
procedures for preparation and analysis.

4. Surrogate recoveries - The laboratory must evaluate surrogate recovery data from
individual samples versus the surrogate control limits developed by the laboratory.
Recoveries are between 30 to 150%. See Method 8000, Sec. 8.0 for information on

evaluating surrogate data and developing and updating surrogate limits.

5. It is necessary that the laboratory evaluate surrogate recovery data from individual
samples versus surrogate recovery limits developed in the laboratory.



Revision No.9
Date 7/18/05

Page 35 of 73
NY LAB # 11393/11840

6. Surrogate recovery is calculated as:

Recovery (%) = Concentration (or amount) found x 100
Concentration (or amount) added

If recovery is not within in-house surrogate recovery limits, the following are
necessary.

a. Check to be sure there are no errors in the calculations, surrogate solutions
or internal standards. If errors are found, recalculate the data accordingly.
Examine chromatograms for interfering peaks and integrated peak areas.

b. Check instrument performance. If an instrument performance problem is
identified, correct the problem and re-analyze the extract.

c. Some samples may require dilution in order to bring one or more target
analytes within the calibration range or to overcome significant interferences
with some analytes. This may result in the dilution of the surrogate
responses to the point that the recoveries cannot be measured. If the
surrogate recoveries are available from a less-diluted or undiluted aliquot of
the sample extract, those recoveries may be used to demonstrate that the
surrogates were within the QC limits, and no further is required. However,
the result of both the diluted and undiluted (or less-diluted) analyses must be
included in the Element LIMS bench sheet for that sample.

d. If no instrument problem is found, the sample should be re-extracted and re-
analyzed.

e. If, upon re-analysis (in either XII,E,2,b or VIII,E,2 d), the recovery is again
not within limits, report the data as an "estimated concentration." If the
recovery is within the limits in the re-analysis, provide the re-analysis data
with the Element Bench sheet. If the holding time for the method has expired
prior to the re-analysis, provide both the original and re-analysis results with
the Element Bench sheet, and note the holding time problem.

E. It is recommended that the laboratory adopt additional quality assurance practices for use
with this method. The specific practices that are most productive depend upon the needs of
the laboratory and the nature of the samples. Whenever possible, the laboratory should
analyze standard reference materials and participate in relevant performance evaluation
studies.
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F. Contingencies for Handling Out-of-Control or Unacceptable Data.

When a sample is run on an instrument, it must pass a series of checks before it can be
considered acceptable data.

• Verify that the instrument is running properly. Any deviations to the method can cause
major problems.

• Verify that your control spikes are accurate.
• Verify that your CCCs and LLCs fall within acceptable limits.
• Verify that you have a no-carryover or column bleed affecting your data.
• Verify that the amount of internal standard is accurate.

If any of the checks fail, the data will have to be re-run. This can be on another instrument
or the same instrument, provided corrective maintenance has been performed.

IX. METHOD PERFORMANCE

A. The MDL of the method was defined as the sample concentration which gave an instrumental
response equivalent to 5x background noise. The MDLs for PCBs vary based on the MDLs
calculated for each GC. Refer to the tables in ATTACHMENT VI.

1. In order to determine the MDL in a matrix, the analytes should be spiked into the
matrix of interest at a level that is three to five times the estimated MDL. The spiked
matrix is then carried through the entire sample preparation procedure. Repeat this
procedure seven times. The MDL is calculated by multiplying the standard
deviation obtained from a minimum, of three analyses of the matrix spike by the one-
sided 99% confidence level t-statistic. The table of t-statistics can be found in
Chapter 1 ofSW-846.

2. MDLs should be re-determined whenever a new analyst running the instrument; a
new analyst performing the sample preparation; any change to the sample procedure;
or any significant change to the instrument (new detector or different sample
introduction system used.)

B. The accuracy and precision obtainable with this method depend on the sample matrix, sample
preparation technique, optional cleanup techniques, and calibration procedures used. Refer
to the tables in ATTACHMENT VII.

X. LEAK (WIPE) TEST KIT FOR Ni-63 ELECTRON CAPTURE DETECTOR
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A. Performing a contamination wipe test every six months is part of the licensing requirement
to possess an Electron Capture Detector that contains Nickel-63 radioactive foil. It is
essential that the test be performed to insure retention of the NRC or agreement state
radioactive materials license.

B. Each envelope sent to us should contain the following: three filter papers, three printed paper
envelopes, one preaddressed envelope, and one instruction sheet.

C. The performance of the leak (wipe) test is done as follows:

Select three printed envelopes and fill out completely. Here is a list of all of Spectrum's
ECDs and their serial numbers:

Spectrum ID

GC#0
GC#1
GC#3
GC#5
GC#9
HP#11

tc

HP#12
it

Msikc

Perkin Elmer
Perkin Elmer

Varian
Perkin Elmer
Perkin Elmer

Agilent
(t

Agilent
t(

Model

Autosystem
Clarus 500
3400 CX

Autosystem XL
Autosystem XL

6890 Series
tt

6890 Series
tt

Serkil Number

1054
4359

A11471
3500
1963

U7972 Channel A
U5693 Channel B
U7500 Channel A
U7501 Channel B

Select three filter papers, and mark them as follows:

Sample 1 - Detector Entrance Fitting
Sample 2 - Detector Housing Fitting
Sample 3 - Detector Exit Fitting

Using the side of the filter paper that has not been marked, perform the following:

a. Wipe the detector entrance fitting, inside and out, using the filter paper
marked "sample 1", and place the paper in a printed envelope.

b. Wipe the detector housing with the filter paper marked "sample 2", and place
the paper in a printed envelope.

c. Wipe the detector exit fitting with the filter paper marked "sample 3", and
place the paper in a printed envelope.
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V.

d. Close the envelopes and secure with tape.

e. Place the three envelopes and a purchase order in the pre-addressed envelope.

f. Sufficient material to perform one leak test is supplied in each kit. Additional
kits can be obtained from the National Leak Test Center.

D. The address to send the wipe test to is:

National Leak Test Center
(NLTC Industries, Inc.)

P.O. Box 1480
N. Tonawanda, NY 14120

Phone Number: 716-693-0550
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XL DEFINITIONS

Accuracy - means the nearness of a result or the mean (x) of a set of results to the true value.
Accuracy is assessed by means of reference samples and percent recoveries.

Alconox - is a detergent powder used in the cleaning of laboratory glassware. Alconox is
biodegradable, residue free, corrosion inhibited and concentrated. Alconox, Inc manufactures
Alconox in the U.S.A.

Batch Sheet - An electronic work sheet that contains all of the necessary information on sample
extraction. It is prepared using Element LIMS.

Bench Sheet - A hard-copy work sheet that contains all of the necessary information on sample
extraction. It is prepared using Element LIMS and attached with the data.

Blank - is an artificial sample designed to monitor the introduction of artifacts into the process. The
blank is taken through the appropriate steps of the process.

Calibration Check - verification of the ratio of instrument response to analyte amount, a calibration
check, is done by analyzing for analyte standards in an appropriate solvent. Calibration check
solutions are made from a stock solution that is different from the stock used to prepare standards.

CCC - Continuing Calibration Check. A QC run every day with a sequence to verify that the
existing calibration is accurate.

Carry Over - when contamination carries from one sample to another, typically from a dirty syringe.
There are procedures in place to virtually eliminate this problem.

Check Sample - a blank which has been spiked with the analyte(s) from an independent source in
order to monitor the execution of the analytical method is called a check sample. The level of the
spike shall be at the regulatory action level when applicable. Otherwise, the spike shall be at 5 times
the estimate of the quantification limit. The matrix used shall be phase matched with the samples
and well characterized: for an example, reagent grade water is appropriate for an aqueous sample.

Column Bleed - is when a very contaminated sample causes ghost peaks in a following sample (s).
Baking the column for a few hours at maximum temperature can eliminate column bleed.

BCD - Electron Capture Detector. The Electron Capture Detector is the most sensitive detector for
the analysis of Electrophilic compounds such as chlorinated hydrocarbons found in pesticide
residues.

Element - The LIMS system used by Spectrum Analytical.
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Field Blank - field blanks are aliquots of analyte-free water or solvents brought to the field in sealed
containers and transported back to the laboratory with the sample containers.

GC - GC stands for a gas chromatograph. An instrument used in gas chromatography to
separate a sample of a volatile substance into its components.

LCS - Laboratory Control Spike. A known quantity of matrix is spiked with 1 ml of surrogate and
a pre-determined amount of laboratory spike solution extracted as a water sample. Also called a
blank spike.

LIMS - Laboratory Information Management System.

LLC - Low Level Check. A low level standard is run at the end of each sequence. It is usually a
0.1 ppb pesticide standard check.

Matrix Spike / Duplicate Analysis - is when predetermined quantities of stock solutions of certain
analytes are added to a sample matrix prior to sample extraction/digestion and analysis. Samples
are split into duplicates, spiked and analyzed. Percent recoveries are calculated for each of the
analytes detected. The relative percent difference between the samples is calculated and used to
assess analytical precision. The concentration of the spike should be at the regulatory standard level
or the estimated or actual method quantification limit. When the concentration of the analyte in the
sample is greater than 0.1%, no spike of the analyte is necessary.

MDLs - Minimum Detection Levels. Matrix-specific performance data that demonstrates the
stability of the analytical system and instrument calibration that is established for each analytical
matrix (e.g., hexane solutions from sample extractions, diluted oil samples, etc.). The MDL is
defined as the minimum concentration of a substance that can be measured and reported with 99%
confidence that the value is above zero.

PCB - Polychlorinated Biphenyl. A group of organic compounds. PCB's are highly toxic to
aquatic life. They persist in the environment for long periods of time, and they are
bioaccumulants.

Pesticide - A pesticide is any substance or mixture of substances intended for preventing,
destroying, repelling, or mitigating any pest. Pests can be insects, mice and other animals,
unwanted plants (weeds), fungi, or microorganisms like bacteria and viruses. Though often
misunderstood to refer only to insecticides, the term pesticide also applies to herbicides,
fungicides, and various other substances used to control pests. Under United States law, a
pesticide is also any substance or mixture of substances intended for use as a plant regulator,
defoliant, or desiccant.
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Precision - means the measurement of agreement of a set of replicate results among themselves
without assumption of any prior information as to the true result. Precision is assessed by means
of duplicate / replicate sample analysis.

PQL - the practical quantitation limit (PQL) is the lowest that can be reliably achieved within
specified limits of precision and accuracy during routine laboratory operating conditions.

Reagent Blank - is an aliquot of analyte-free water or solvent analyzed with the analytical batch.

Reagent Grade - Analytical reagent (AR) grade, ACS reagent grade, and reagent grade are
synonymous terms for reagents which conform to the current specification of the Committee on
Analytical Reagents of the American Chemical Society.

Solvent Blank - a blank prepared every day to ensure the accuracy of the extractions in the lab. One
liter of de-ionized water is spiked with 1 ml of surrogate and extracted as a water sample.

Surrogates - are organic compounds which are similar to analytes of interest in chemical
composition, extraction, and chromatography, but which are not normally found in environmental
samples. These compounds are spiked into all blanks, standards, samples, and spiked samples prior
to analysis. Percent recoveries are calculated for each surrogate.

Trip Blank - trip blanks and equipment blanks are not opened in the field. They are a check on
sample contamination originating from sample transport, shipping, and from site conditions.
Equipment blanks are opened in the field and the contents are poured appropriately over or through
the sample collection device, collected in a sample container, and returned to the laboratory as a
sample. Equipment blanks are a check on sampling device cleanliness.

XII. SAFETY

To maintain the application of OSHA regulations regarding the safe handling of the chemicals
specified in this method, the laboratory must follow proper safety procedures:

A. All chemical solvents should be transported on a cart when moved from room to room.
Solvents are to be stored in designated storage areas. The boxes of solvents (methylene
chloride and hexane) stored in the garage must be brought into the semi-volatile preparation
room using the hand truck or a sturdy lab cart.

B. All analytical operations such as extractions and preparation of the standard solutions must
be performed in a fume hood.
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C. Safety glasses, gloves, and a lab coat must be worn during the preparation of standards,
extraction and concentration of samples, and GC maintenance.

D. The analyst must wear gloves and safety glasses and take extra care when opening the gas
cylinder or checking for leaks in hydrogen lines. See Spectrum's chemical hygiene plan on
using compressed gas cylinders.

E. The analyst must dispose of all unwanted chemicals and solvents in properly marked
containers inside the hood and chemical cabinets. (See Spectrum's waste disposal plan.)

F. The analyst must perform a contamination wipe test (wipe test kit for NI-63 electron capture
detector) every six months to insure retention of the NRC agreement or state radioactive
materials license (see section 10.0 LEAK (WIPE) TEST KIT FOR Ni-63 ELECTRON
CAPTURE DETECTOR).

G. Many of the analytes in this procedure are very toxic, or are known carcinogens. Therefore,
the laboratory must use good laboratory practices when handling samples and standards to
avoid exposure to these materials.

XIII. PERSONNEL QUALIFICATIONS

A. All technicians performing the extraction part of this method must pass the basic laboratory
requirements for working in the lab. All analysts performing this method must pass a
precision accuracy study before they can process and report any results. A precision
accuracy test consists of four prepared standards of a particular analyte that the analyst runs
on his instrument to obtain an acceptable recovery.

B. This method is restricted to use by or under the supervision of analysts experienced in the
use of gas chromatography and gas chromatograms. Analysts should also have a minimum
of a bachelor's degree in science, preferably in chemistry or environmental studies.



Revision No.9
Date 7/18/05

Page 43 of 73

XIV REFERENCES

EPA Methods 608 in methods for organic chemical analysis of municipal and industrial wastewater.
EPA 600/4-82-057. EMSL 1982.

EPA Methods 3510, 3520, 3535, 3540, 3541, 3545, 3550, 3580 for evaluating solid waste. Physical/
Chemical Methods EPA SW-846 1986.

SW-846 Methods 8000, 8080A, 8081 A, 808IB, and 8082 test methods for evaluating solid waste.
Volume B: Laboratory Methods, physical / chemical method's 1998.

EPA Method 3620B cleanup procedure method. Volume IB: Laboratory Methods, physical/
chemical method's 1998.

Massachusetts DEP, Feb 24,1999.

Massachusetts Department of Environmental Protection Bureau of Waste Site Cleanup, BWSC-
CAM, Revision No. 3, Table V A-l Specific QA/QC Requirements and Performance
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Reunion Time

Initial CaHvalion

Continuing
^Hlbiation

(CCAL

Laboratory
Anaryfcai
Accuracy

Laboratory
Anaryteal
Accuracy

Laboratory
Anatytcd
Accuracy

r, ; i-gi&SR j%«iî L2|
(l)EtUblsrwd pjforloWtralcaBiradonarid

when a new OC column to Installed.
(2) Calculated according to the method.

(Section 7,6 o( SW-M8 8000)
(1) Minimum of 5 standards.
(2) Low standard must be s mooning Itmri.
P) *RSO should be <20 or V stiouM be

*0.99.
(fit AmcHf*: 5-polnt calrbratlon with

101671260 required: 5-polnt cotbraoon for
other Arodors may be warranted based on
Sile»specft1c conditions.

Conott/ws. S-poirt calibration must Include a!
target congeners.

(5) II regression analysis Is used, the curve
must not be forced through the origin.

(«) AmOCfs: For Arodors which are not
cBtbfaled wdh ̂ points, laboratory must
perform single analysis ol the** A/odors
01 the mid-point (SOX) of the caUbrabon
curve. The Aroctor should be variaed with
a one point standard wKhin 12 hrs when
detected In a sample.

(7) Curves must be verified by an rndependon
ICV before analysis

(1) Every 12 hours prior to samples or every
20 samples, whichever is more frequent,
and at the end of the analytical sequence.

(2) Concentration level near midpoint of curve
(3) /tnxron. CCAL with 1010/1260 required;

CCAL for cither Arodors may be warranted
based on stte-speciric conditions.

Congeners: CCAL must Include an target
congeners.

(4) Percent difference or peicenl drift should
be S15.

No

No

No

NA

Recalibrate as
required by method.

1) Perform Instrument
maintenance, reanalyze CCAL
andtar recatbnrte as required
by method.

2) Reanalyze 'assodaled
samples' It beginning or dosing
CCAL enhrMed low response
and Arcdors were or were not
detected In samoles.

3) Reanalyze 'assodated
samples' If beginning or closing
CCAL exhibited high response
and Arodors were detected In
the samples.

OTE: 'Associated Samples'
refers to all samples analyzed
since the last acceptable CCAL

NA

Report ertceedances In case

Report exceedancas in case
narrative.
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ReqijInldaAWC

^JsSfT -.̂

Method Blanks

Laboratory
Control Spikes

(LCSs)

* .; J JB-x
3».-, Objective

Laboratory
Method

Sensltivlly
(contarnlnat

Ion
evaluation)

Laboratory
Method

Accuracy

AA, »», _ t

Requlnjd ftHfonnarice.' .>,

' - w2?*7ir"<'

1) Extracted with every balch or evory 20
sample* . whichever Is more frequent.
2) Matrix-specific (09.. water, soil).
3} Target analytfts must be less than or
aqual to reporting limit.

(1) Extracted with every batch or every 20
samples, whichevw is more frequent.
(2) Prepared using standard source different
than used for Initial calibration
(3) Concentration level should be between
low and mid-level standard
(4) /Iroctorj. LCS with 1016/1260 required:
Additional LCS spiked with other Aroclors
may be warranted based on site-specific
conditions.
Congeners: LCS must include all target
congeners.
(5) Matrix-specific (e.g., soil, water).
(6) Percent recoveries must be between 40-
140.
(7) Laboratories are expected to develop
their own in-house control limits, whkh
should fall within the limits listed above

ÎJglMgfNirv

Yes

Yes

f'->li" :~:v>!t.*̂ *? :̂i'i.;"'>:t •'.' '•'

Locate source of
contamination;
correct problem; r«-'
extract associated
samples If
contaminants are
present In the
method blank.

%ecalcu!ale the percent recoveries.
Check MS/MSD; if recoveries are
acceptable In MSJMSO.
nonconlormanoa may be isolated
to LCS. II recoveries are outside
criteria In MS/MSO. re-extract
associated samples.

l%lil̂ -R,.porss. Action
?î ^Pit>^« ĵ'!r,r?4fe •
(1) Report noncontormances in

case narrative.
(2) II contamination ol method blanks is

, suspected or present, the laboratory.
using a 'B' flag or tome other
convention (such as (ha case
narrative), should qualify the cample
resuls.

(3) If re-enractlon Is performed within
holding time, the laboratory may
report resuKsol there-extraction
only.

(4) If re-emradion Is performed outside ol
holding time, the laboratory must
report mulls or both the Initial
extraction and re^xtractfon.

(1) Report nonconformances in case
nanalive.
(2) If re*x!raction is performed within
holding time. Ow laboratory may report
results of the re-extraction only.
(3) If re-extraction Is performed outside of
holding time, the laboratory must report
results of both me initial extraction and
re-extraction
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R«julnib>UQC
•™^3ES^

USIMSOl

SurrogaMt

Internal SlanljMdl
fCoftytnfn onfy)

UMMd Accuracy in
SffnptaMtt'U
MathodPraoisionbi
Saneta Itettix

Accuracy m
Samoa,
Umva

Labor BtaryAnrtytica
Accuracy and Mrtiod
Accuracy n Sampte Mstrii

1 Jlfe ĵfofpnn "'
Sfet

(t) EMfrftctod with wwy 20 KHnpttf * dtocrvUM
of laboratory or II raquatMd by dauutar,
(2) Uattx-ifMcWc.
(3) Prepared using tttraterd sourc* dSffarant than
uMd fv MM attntton.
(4) Concarttration hm) should ba t»ma«fi KM
wWfrtd-t«v«l standard
(5) AfKXtty. MS/USD wflh 10 W1200 reqtared,
AcUtforuri M&MSO spifeM Mm crihv Anxiwv
may ba wafrartod based on sto-tpedRc
conduct,
Concjtwr MSMSO must iAdudd aS Mfffri
coAgmra.

ff) RPOx •toddtwiSO for AiDCfcvs*id
I90torconowwn.

1 1 ) Unmwm c* 2, or* Itot Mutes ai
twginnlnB ol QC run and ma irud
0htt»M«fld<rfGCrun

Anartnffytit; TCMX Ml DOB
ConffWMTjmtfysH TCMX or OBOfB WK)

B21M

30*150 tor both Mrrogatm.
(3) LaboratorfM v« *xp*oad 10 dev«lop

ttt*ir own in-ftouM control Imwu .
wHch ihouU ft* wilttn the kmiti
Itttad abov*.

(t)Mirwnufncll
(2) Art* counts in umpt«* muil be

bMn«fln SO - 200K of the arae
counb in tfv iwocwlK} oonunuing
caMxafion standard

(3) ftountlon &mM 0* intern* standards
fflutl b* wttNn 130 **ante ol
frttntton UmM BI astodaled
continoinB oahbralion standard.

^Sftaft^ '̂

rw
r>r«n r«qu*»t*d by

daUuM.)

Y»»

No

y î«Atim&tocori»eflv«Î P^pp^Cr1 **

Check LCS; B raeovthM aocvptablt
In LCS. Avakaw BrtarnA* cftfainup
tcohniqiiM hx Mmploc attocialed
wtt) U&VSO andtor narrate ran-

K Hw tamo wrmgalfl is ouuido Knits
an both cofumnt, ro-aiuad Ifto «ompte
if both aurrog&tn are oucsHto hnls on

gm cdurm gnry, roanaljrza tfio
•ample,

if * «urreo»to it dtjtM to a
concemnafen bdow thai of (ha town*

caKbrafion standard, no canvclive
action »t ntovKtary

If tmafnal standard * outsxta hrms
runatyjt umple wUoti obwus

,
^T, AniVje^RtipowActfcKi .

Sarrujta ana*y««ic«nnol prooaod without a
wafcdinMeattiratnA. Reportnon-

tnt aHwga rMporaa fictoror in«ar
ngrvttkin am no( uMd for anatytt
quanttottgn (04., uw of a quadratic
Bquabxi). Vat mutl tw noted n the caw
narnm* **9i a to) erf »» aAedad anatyl«s

ft) Ncri««*co«dftnGasinca««narnilA«.
(7) H re-ertracfcon or r«wuty«d ywUs svnftar

ahouU report raaulti of both «rttact<y»* or
WurytM

(3) H iv-oitracbon or reanarysn tt portormed
within rW**ng Un« and y*«Wi *cc«f«ibto
surrogau racovArM. ine taboratory may
raport ra wit* of »» n-*anx#on or
feanalyt* orty.

(4) K re-cjdnctttt cwreanalyM rt paffonned
ouuid* of holding nm* and ywlda

laboratory itvtf raport rasuHa ol be* tr»
inruai »nd n-mUacUon or r«anaty%i>

(5) It sampla « not ra-wriractad orroantriyzed dm
to abvmus Jniarfennw. IM laboratoiy must
provKla t*e chnmaiaqram m lha datt raport.

(1) Nola viceadancn in CAM nanairv*.
(?) H (eanarywa ytokta snrfor inUmal standard
nnncontormanca. Ifw laboratxyy should wpwl
both resaAi ol bon aruHyses
(3) H reanaryu 19 performed wflrun holding
ltm« and )*«id* acc«ptabl« rNamal xtandarij
rvcowry, the tnbarMory may r«pon rosuto of
thaiMnafyshonh/.
(4) II reanarysit is partomwd outede ol holding
bme and yMds accaotaU* miamal standard
f novery, t/w tabaraUry muM report resulti of
boihanaVsm
(1) If sampla is not taanatyxad dua bo obvious
kitorfaranct. the Laboratory must provide tha
chromatoo/am in ha data report
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ktenlrfcation and
QuantilaUon

inter-
laboratory

R«ju*«î h&ff**"* * */

(1) Afocftxt. Laboratory should quanuala al
Aroctorawtt a minimum of Ihim petkl. ABpeaks

lead on* peak must be untrjue to Ihe Anxtor.
(2) Aitcfan: Laboratory should tna the average
cattwafion factor for each of three to fee peaks
torn Men conoentflMfon level to quamaato Aioctor
1016 and 1760. Laboratory should uee the
Mraoa cafibraUon factor for each of chree to five
pMirufromiinglto point standard to quantfute

standard analyzed). If S-potnt cataafcn
pedormMJ tor other Arodon. fdtow procedure for

using each individual peak and calculate Vw

me Bnal Arodor comentraton. Congcoe/?
Laboratory ihoJd uu Ow cyerage resporec factor
of Men congener.
(3) Secondary column *na.y*M: Laborrtory must
utihie a tocond ditwntof column to confirm
pMMve PCB rwum. Tn» laboratory must /opart
tna hioher of Dw h» rMjKa untoss obvtout
int«rf«rcnce k prwwrrt on one of UH column». in
this arse, the laboratory can report the towsr resuR
Al i«qu*«d CWOC parameten (e.g.. cattbratiom,
LCSs, etc.) must be met on (ho secondary column

No

W »= <«,-< i , *

yi"

NA

:i *4*4&MM*. ' =

(1) irtfwRPOb«twMn*i«<hHl
cotumn resufla exceeds 40, Ihe
laboratory BhouU qutftfy the
umplt rMuttc and/or net* the
•K«adnnc« in Ihe caw narrative.

(2) tf the avWBOft response factor or
linear tegresston are not used for
anstyte quanlitalion (e.g. quadratic
equation), thfe mutt be noted in the
ca» nainliv* vwtn • list of Ihe
affuctod arulytea.

KQJ^ If DM high RPO can ne
HefiniHvertatliiouiedlo
interior moe on on* of the two
columnt. the tebotstory should
repot th* iow»r v»(we and provide
a dbcuision In the CCM rowaVvu
that tfi« approach was used.

L J

•LI
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Required QA/QC
Parameter ?

• ' • • ' " ' '• "
Analytical Respons. Action

Report
ing

(1) The laboratory must report values 2 the
sample-specific reporting limit, optionally,
values below the sample-specific reporting
limit can be reported as estimated, if
requested. The laboratory must report
results for samples and blanks in a
consistent manner.
{2} Dilutions: ff driutod and undiluted
analyses are performed, the laboratory must
report rafeutts for ti>e fowSfil dilution within Ihe
valid calibration range lor each analyta. The
associated QC (e.g.. method blanks,
surrogates, etc.) for each analysis must be
reported.
ftjQTJ;: Laboratories shall not perform
dilutions on samples due to sulfur
Interference. Laboratories must use a
cleanup technique to reduce the presence
of sulfur Interference.

( 1 ) Qualificaiton of the data are
required if reporting values
below Ihe sflmple-speaHc
reporting limit

GC = Gas Chroma tography
MS/MSDs - Matrix Splket/Matrlx Spike Duplicates
%RSD ™ Percent Relative Standard Deviation

DCB • Decachloroblphenyl
ICV • Initial Calibration Verification

"r" ° Correlation Coefficient
RPD* - Relative Percent Differences
TCMX - Telrachloro-m-xyKne

DBOFB 3 Dibromooctafluoroblphenyl
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Refer to section 7.3 INSTRUMENT CONDITIONS

This section describes the instrument conditions (temperature programs) for the GCs and the
retention times (which are subject to shift) for the method analytes.

1.0 Primary GC

Perkin Elmer Autosystem GC (GC#0) instrument conditions (method #2) for using the DB-
5MS column:

Oven Temp 1
Oven Temp 2
Oven Temp 3

Injector Temp Cap 1
Injector Temp Cap 2

Detector Temp FID 1
Detector Temp BCD 2

Attenuation Int 1
Attenuation Int 2

Time 1
Time 2
Time 3

Carrier Gas
Carrier Gas 2

Range FID 1
Range BCD 2

AutoZero FID
AutoZero BCD

Rate 1
Rate 2
Rate 3

Valve Split 1
Output
Output

180
220
275

250
270

250
350

16
8

0.00m
11.60m
6.70m

1 (set) 14.0psi
Off, set using a flowmeter

-0.01 - 0.10 idle (fluctuates during run)
-3.00 - 25 idle (fluctuates during run)

4.0 degrees / minute
15.0 degrees/minute
End

On
FID 1
BCD 2
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Events: -0.10 Split 1 Off 1.00 Split 1 On

Parameter: Retention Time
(min):

2-4-5-6-TC-M-Xylene (internal standard) 4.02
4,4'-Dibromooctafluorobiphenyl (surrogate) 4.22
PCB-1016 *
PCB-1221 *
PCB-1232 *
PCB-1242 *
PCB-1248 *
PCB-1254 *
PCB-1260 *
PCB-1262 *
PCB-1268 *
Decachlorobiphenyl (surrogate) 29.39

* Multiple Peak Response

2.0 Primary GC

Agilent 6890 Series GC System (GC#11) instrument conditions for using the DB-5MS
column:

Oven Tempi 180
Oven Temp 2 220
Oven Temp 3 290

Injector Temp Cap 1 250
Injector Temp Cap 2 275

Detector Temp FID 1 285
Detector Temp ECD 2 350

Attenuation Int 1 0
Attenuation Int 2 0

Time 1 2.00m
Time 2 8.66m
Time 3 4.67m
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Carrier Gas
Carrier Gas 2

Range FID 1
Range BCD 2

AutoZero FID
AutoZero ECD

Rate 1
Rate 2
Rate 3

Valve Split 1
Output
Output

45 mL / min
60 mL / min

1
1

-0.01 - 0.10 idle (fluctuates during run)
-200 - 1000 idle (fluctuates during run)

4.0 degrees / minute
15.0 degrees/minute
End

On
FID 1
ECD 2

Parameter: Retention Time
(min):

2-4-5-6-TC-M-Xylene (internal standard)
4,4'-Dibromooctafluorobiphenyl (surrogate)
PCB-1016
PCB-1221
PCB-1232
PCB-1242
PCB-1248
PCB-1254
PCB-1260
PCB-1262
PCB-1268
Decachlorobiphenyl (surrogate)

3.41
3.71

*

26.63

* Multiple Peak Response

3.0 Primary GC with Confirmation Column

Agilent 6890 Series GC System (GC#12 with dual ECDs) instrument conditions:

Initial Temp
Oven Temp 1
Oven Temp 2
Oven Temp 3
Oven Temp 4

180
225
260
300
(Off)
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Injector Temp Cap Front
Injector Temp Cap Back

Detector Temp BCD Front
Detector Temp BCD Back

Time 1
Time 2
Time 3
Time 4

Purge Gas Front
Purge Gas Back

Makeup Gas Front
Makeup Gas Back

Rate 1
Rate 2
Rate 3

Valve Front
Valve Back
Output
Output

225
225

320
320

0.50m
2.00m
3.67m
0.0 (Off)

50.0 mL / min
50.0 mL / min

60.0 mL / min
60.0 mL / min

12.0 degrees / minute
20.0 degrees / minute
30.0 degrees / minute

Splitless
Splitless
BCD Front
BCD Back

Parameter: Ret. Time (min):
CHA

2-4-5-6-TC-M-Xylene (internal standard) 2.362
4,4'-Dibromooctafluorobiphenyl (surrogate) 2.460
PCB-1016
PCB-1221
PCB-1232
PCB-1242
PCB-1248
PCB-1254
PCB-1260
PCB-1262
PCB-1268
Decachlorobiphenyl (surrogate) 10.980

* Multiple Peak Response

*
*
*
*
*
*
*
*
*

CHB
2.072
2.452

*

8.290
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3.0 A second gas chromatograph or mass spectrometer (GC / MS) technique must be used for
the qualitative confirmation when analyzing unfamiliar samples, or samples that are not
within the retention time windows. In Spectrum's case we use a Perkin Elmer Autosystem
XL GC with a Restek STX-CLP capillary column installed for confirmation results.

Autosystem Clarus GC (GC#1) inst. conditions using the STX-CLP column:
Oven Tempi 180
Oven Temp 2 220
Oven Temp 3 260

Injector Temp Cap 1 250
Injector Temp Cap 2 260

Detector Temp FID 1 250
Detector Temp BCD 2 350

Attenuation Int 1 -5
Attenuation Int 2 -5

\—

/•*•

Time 1
Time 2
Time 3

Carrier Gas
Carrier Gas 2

Range FID 1
Range ECD 2

AutoZero FID
AutoZero ECD

Rate 1
Rate 2
Rate 3

Valve Split 1
Output
Output

Timed Events:
SPL2settoOat-0.10min
SPL2 set to 50 at l .OOmin

0.00m
9.30m
12.03m

S.Opsi
5.0psi

1

-0.01- 0.10 idle (fluctuates with run)
~3.00 - 25 idle (fluctuates with run)

4.0 degrees / minute
6.0 degrees / minute
End

On
FID 1
ECD 2
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Parameter: Retention Time
(min):

2-4-5-6-TC-M-Xylene (internal standard) 5.63
4,4'-Dibromooctafluorobiphenyl (surrogate) 8.04
PCB-1016 *
PCB-1221 *
PCB-1232 *
PCB-1242 *
PCB-1248 *
PCB-1254 *
PCB-1260 *
PCB-1262 *
PCB-1268 *
Decachlorobiphenyl (surrogate) 26.30

* Multiple Peak Response

4.0 A J&W DB-608 capillary column can also be used for confirmation results. Be careful what
your temperature program goes up to, because this column has a temperature limit of 260
degrees C. This setup is not currently used by Spectrum Analytical, however it is included
in the SOP in case we decide to set up an instrument this manner.

Autosystem GC (GC#0) instrument conditions (method #2) for using the DB-608 column:

Oven Tempi 180
Oven Temp 2 220
Oven Temp 3 260

Injector Temp Cap 1 265
Injector Temp Cap 2 260

Detector Temp FID 1 285
Detector Temp BCD 2 350

Attenuation Int 1 16
Attenuation Int 2 2

Time 1 O.OOrn
Time 2 10.30m
Time 3 7.70m

Carrier Gas 1 (set) 14.0psi
Carrier Gas 2 Off, set using a flowmeter
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Range FID 1
Range BCD 2

AutoZero FID
AutoZero BCD

Rate 1
Rate 2
Rate 3

Valve Split 1
Output
Output

-0.01 - 0.10 idle (fluctuates during run)
-3.00 - 12 idle (fluctuates during run)

4.0 degrees / minute
10.0 degrees / minute
End

On
FID 1
BCD 2

Events: -0.10 Split 1 Off 1.00 Split 1 On

Parameter:

2-4-5-6-TC-M-Xylene (internal standard)
4,4'-Dibromooctafluorobiphenyl (surrogate)
PCB-1016
PCB-1221
PCB-1232
PCB-1242
PCB-1248
PCB-1254
PCB-1260
PCB-1262
PCB-1268
Decachlorobiphenyl (surrogate)

Retention Time
(min):
2.02
2.35

34.98

Multiple Peak Response
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ATTACHMENT III

Peak Identification

GC#0 Perkin Elmer Autosystem GC Equipped with a
J&W DB-5MS Column
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PCB 1016 ID for the 608 and 8082 Methods

1...2.4.5.6-TC-M-Xylene (IS)
2.. PCB 1016-1
3. PCB 1016-2
4 .PCB 1016-3
5 PCB 1016^t
6. PCB 1016-5
7...PCB 1016-6
8...PCB 1016-7
9. .PCB 1016-8
10 Decachlorobiphenyl (Sr)

PCB 1221 ID for the 608 and 8082 Methods
1 .2.4.5.6-TC-M-Xylene OS)
2 ...PCB 1221-1
3...PCB 1221-2
4 ..PCB 1221-3
5 .PCB 1221^t
6 PCB 1221-5
7...Decachlorobiphenyl (Sr)

1 a 12 IB 1
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PCB1232 ID for the 608 and 8082 Methods

1... 2,4.5.6-TC-M-Xylene (IS)
2...PCB 1232-1
3 .PCB 1232-2
4...PCB 1232-3
5...PCB 1232^1
6. PCB 1232-5
7 .PCB 1232-6
8...PCB 1232-7
9...PCB 1232-8
10.. .Decachlorobiphenyl (Sr)

PCB 1242 ID for the 608 and 8082 Methods
1... 2.4.5.6-TC-M-Xylene (IS)
2 PCB 1242-1
3 PCB 1242-2
4...PCB 1242-3
5.. PCB 1242^1
6 PCB 1242-5
7...PCB 1242-6
8...PCB 1242-7
9 PCB 1242-8
10.. .Decachlorobiphenyl (Sr)

' | i i i I I i i 1 1 [ i i i i l l l i l I I i l I I I I I I M I 1 1 l i i i i i i i i i i i i M i n i i i i i i i i i i i i [ i n i l l H i i i i 1 1 1 M i i [ i 1 1 1 i i i i i i i i i i [ i 1 1 1 1 1 n 1 1 i i i i 1 1 m i U N I i n 1 1 i l 1 1 | I I I I
O 6 10 12 14 10 18 20 22 24 2O 28 3Q 32
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V,.,

PCB 1248 ID for the 608 and 8082 Methods

1 . . . 2.4,5,6-TC-M-Xylene (IS)
2. .PCB 1248-1
3. .PCB 1248-2
4... PCB 1248-3
5 PCB 1248-4
6 .PCB 1248-5
7...PCB 1248-6
8 .PCB 1248-7
9...Decachlorobiphenyl fSr)

T

PCB 1254 ID for the 608 and 8082 Methods
1 .. 2.4.5.6-TC-M-Xylenc (IS)
2 PCB 1254-1
3. PCB 1254-2
4 .PCB 1254-3
5. PCB 1254-4
6.. PCB 1254-5
7. . . PCB 1254-6
8 PCB 1254-7
9 .PCB 1254-8
10 Decachlorobiphcnyl (Sr)

10
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PCB 1260 ID for the 608 and 8082 Methods

1 2.4.5.6-TC-M-Xyleni: (IS)
2.. PCB 1260-1
3 . PCB 1260-2
4 ..PCB 1260-3
5 ..PCB 1260^1
6.. PCB 1260-5
7 PCB 1260-6
8.. PCB 1260-7
9. PCB 1260-8
10...PCB 1260-9
11.. PCB 1260-10
12. .PCB 1260-11
13...Dccachlorobiphenyl (Sr)

13

PCB 1262 ID for the 608 and 8082 Methods
1 . . . 2.4,5,6-TC-M-Xylene (IS)
2...PCB 1262-1
3 PCB 1262-2
4 .PCB 1262-3
5...PCB 1262^1
6 .PCB 1262-5
7...PCB 1262-6
8 .PCB 1262-7
9...PCB 1262-8
10. PCB 1262-9
11...PCB 1262-10
12.. PCB 1262-11
13.. Decachlorobiphenyl (Sr)

'I""!""!""!1

1 Q 12 1-4
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PCB 1268 ID for the 608 and 8082 Methods

1... 2,4.5.6-TC-M-Xylene (IS)
2 . PCB 1268-1
3.. PCB 1268-2
4.. PCB 1268-3
5...PCB 1268-4
6.. . PCB 1268-5
7.. .Decachlorobiphenyl (Sr)

6

(UU
£ i ;'o ^"''"'i1; ;y ;y

PCB 1660 ID for the 608 and 8082 Methods
1.
2.
3.
4.
5.
6.
7.
8.
9.
10
11
12
13
14
15
16
17.
18,
19,

2,4,5.6-Tetrachloro-m-Xylene(IS)
.4,4'-Dibromooctafluorobiphenyl(Sr)
PCB 1016-1
PCB 1016-2
PCB 1016-3
PCB 1016-4
PCB 1016-5
PCB 1016-6
PCB 1260-1

PCB 1260-2
PCB 1260-3
PCB 1260-4
PCB 1260-5
PCB 1260-6
PCB 1260-7
PCB 1260-8
PCB 1260-9
PCB 1260-10
PCB 1260-11
Decachlorobiphenyl (Sr)

TT[T

22
I Mill

30
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ATTACHMENT IV

Peak Identification

GC#5 Perkin Elmer Autosystem XL GC Equipped with
Restek DB-5 MS Column
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PCEJ1660 ID for the 608 and 8082 Methods

1
:

900.:

|
800-

_

700-

-

800-

-

500-

400-

300-

200-

\

1
"v~__

1 ...4,4'-Dibromooctafluorobiphenyl (Sr)
2...2.4,5,6-Tetrachloro-m-Xylene(IS)
3. ..PCB 1016-1
4...PCB 1016-2
5. ..PCB 1016-3
6. ..PCB 1016-4
7. .PCB 1016-5
8. .PCB 1016-6
9... PCB 1260-1
10. ..PCB 1260-2
11. ..PCB 1260-3
12. ..PCB 1260-4
13. ..PCB 1260-5
14. ..PCB 1260-6
15. ..PCB 1260-7
16...PCB 1260-8
17. ..PCB 1260-9
18. ..PCB 1260-10
19. ..PCB 1260-11
20...Decachlorobiphenyl (Sr)

2
20

_ JL_JLjJiJUU/̂ JkA*-~jOt__^_A^UA_J^^ "~~~

18
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ATTACHMENT V

Peak Identification

GC#11 Agilent 6890 Series GC Equipped with a
J&W DB-5MS Column
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Response.

8000000

VJ

PCB 1221 ID for the 608 and 8082 Methods
1 ...2,4,5,6-Tetrachloro-m-Xylene (IS)
2...4.4'-Dibromooctaflucirobiphenyl(Sr)
3.. PCB 1221-1
4...PCB 1221-2
5...PCB 1221-3
6...PCB 1221-4
7...PCB 1221-5
8...Decachlorobiphenyl (Sr)

MOOTime
Response.

9500000

9000000

8500000

8000000

7500000

7000000

6600000

6000000

5500000

5000000

4500000

4000000 -

3500000

3000000 -

2500000 -

2000000 -

Time

II

I

1
1

la

I
2

3

I

I

4

1

5

6 PCB 1 232 I D for the 608 and 8082 Methods
1 ...2,4.5,6-Tetrachloro-m-Xylene (IS)
2...4,4'-Dibromooctafluorobiphenyl(Sr)
3...PCB 1232-1
4...PCB 1232-2
5. PCB 1232-3
6 PCB 1232-4
7. ..PCB 1232-5
8...PCB 1232-6
9...PCB 1232-7
10.. PCB 1232-8
11 ..Decachlorobiphenyl (Sr)

8 |

li 1

11
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Response.
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4000000 -
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2000000 -
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PCB 1242 ID for the 608 and 8082 Methods
1 ...2,4,5,6-Tetrachloro-m-Xylene (IS)
2 4 4'-Dibromooctafluorobiprienyl (Sr)
3.. PCB 1242-1
4.. PCB 1242-2
5. PCB 1242-3
6 PCB 1242-4
7...PCB 1242-5
8.. PCB 1242-6
9.. PCB 1242-7
10. PCB 1242-8
11.. .Decachlorobi phenyl (Sr)

1
4

3

1
('

1n
1 '

11

I

9

I 1Q

\\ M jl A ^^~^~~~
J LJ* V/V-/ v / V ^ /\ n ~ ~~^ — ̂  —
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6000000 -
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4500000 -I

4000000 -I

3500000 -j

3000000 -

2500000 -_

2000000 -

I

4

3

u,

6

5

, I

7

i

\iy
i

\i

PCB 1248 ID for the 608 and 8082 Methods
1 ...2,4.5,6-Tetrachloro-m-Xylene (IS)
2...4,4'-Dibromooctafluorobiphenyl(Sr)
3.. PCB 1248-1
4...PCB 1248-2
5...PCB 1248-3
6...PCB 1248-4
7...PCB 1248-5
8...PCB 1248-6
9...PCB 1248-7
10.. .PCB 1248-8
11.. .Decachlorobiphenyl (Sr)

9

I IJ I . .
|| I

U iiil A1 11 1

n

i in ft ji i s^ — "~" — ̂ * —
i U' yl/L/L-A- ^ ^—^
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Response_
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PCB 1254 ID for the 608 and 8082 Methods

1 ...2,4.5,6-Tetrachloro-m-Xylene (IS)
2 4,4'-Dibromooctafluorobipheny1 (Sr)
3... PCB 1254-1
4. ..PCB 1254-2
5 PCB 1254-3
6.. .PCB 1254^1
7...PCB 1254-5
8 PCB 1254-6

a 9. PCB 1254-7
B 10...PCB 1254-8 n

I
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2...4,4'-Dibromooctafluorobiphenyl(Sr
3.. PCB 1262-1
4. ..PCB 1262-2
5.. PCB 1262-3

2 6.. PCB 1262-4
7...PCB 1262-5
8...PCB 1262-6
9...PCB 1262-7
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PCB 1268 ID for the 608 and 8082 Methods
1 ...2,4.5,6-Tetracriloro-m-Xylene (IS)
2 .4,4'-Dibromoodafluorobiphenyl (Sr)
3 PCB 1268-1
4...PCB 1268-2
5... PCB 1268-3
6. PCB 1268-4
7. PCB 1268-5
8...PCB 1268-6
9...PCB 1268-7
10...Decachlorobipherryl (Sr)

10

PCB 1660 ID for the 608 and 8082 Methods
1 ...2.4.5.6-Tetrachloro-m-Xylene (IS)
2 ..4.4'-Dibromooctafluorobiphenyl (Sr)
3...PCB 1016-1
4...PCB 1016-2
5..PCB 1016-3
6...PCB 1016-4
7...PCB 1016-5
8...PCB 1016-6
9. .PCB 1260-1
10...PCB 1260-2
11...PCB 1260-3
12..PCB 1260-4
13...PCB 1260-5
14...PCB 1260-6
15.. PCB 1260-7

14 16.. .PCB 1260-8
17 ..PCB 1260-9
18...PCB 1260-10
19...PCB 1260-11
20 ..Decachlorobiphenyl (Sr)

20
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ATTACHMENT VI

Peak Identification

GC#12 Agilent 6890 Series GC Equipped with both a
J&W DB-5MS Column and a Restek STX-CLP

Channel A Top Graph
Channel B Top Graph
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V,,.

teaponst.
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1 ..-2,4.S,6-T«nKrtofo-m-Xytene (IS)
2...4.4'-Ottnim>dBfluaniblph>nyl (Sr)
3...PCB 1264
4...PCB 1284(1}

11 5...PCB1254(2)
i 6.-PCB1254P}

7...PCB12M{4)
8...PCB12S4{5)

1 9...PCB12M{B)
10...PCB1254{7)

, 11...DecBcMorobiphenyl<SO
10

I 1 1 L, yj |
rime 5.00 10.00

PCB 1660 IDfor the 608 and 8082 Methods

1 2,4,5.6-TelracNoro-m-Xylene (IS)
2...4.4'-Dlbromactatluon>biphenyl (SO

17 3...PCB 1018
4..PCB 1018(1)
5...PCB 101612)
6...PCB1016{3)

8...PCB101615) 21

9...PCB 1280
10...PCB 1260(1)
11. ..PCB 1280 (2)
12...PCB1260{3)
13.. PCB 1260 (4)
14...PCB1280{5)
15...PCB1260(6)
16...PCB1260{7)
17...PCB1280(8)
18 PCB 1260 (9)
19...PCB1260(10)
20..PCB 1260 (11(
21.. DecacNorobiphenyl (Sr)
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ATTACHMENT VII

METHOD 8082

POLYCHLORINATED BIPHENYLS (PCBs) ANALYTICAL FLOWCHART
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7.1 Choose
appropriate extraction

technique.

7.1 Add specified
matrix spike to sample.

7.2 Perform
extract cleanup.

7.3 Set
chromatographic

conditions.

7.4 Perform
initial calibration.

7.5 Establish retention
time windows.

7.6 Perform GC
analysis of sample

extracts.

7.6.3 Inject sample
extract.

7.6.5
Does

response fall
within

calibration
range?

7.6.10
Any sample
peak inter-
ferences?

7.6.5 Dilute
extract.

7.6.10 Additional
cleanup (possible
that replacement

of capillary column or
detector is warranted.)

7.7 - 7.8 Choose
appropriate standard
and calculate sample

concentrations.
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This unofficial html version of your final report now includes two separate reports: an Exception Report, which
only shows the analytes with Not Acceptable results; and a Complete Final Report, with all results you have
reported for all analytes and methods for ERA WP-126. The 'Exception1 report allows you to quickly focus on
any Corrective Actions that may be required without having to review your entire report. This new report is
intended only for your internal use.

Whether your laboratory is NELAC or state accredited, you may want to review your performance in prior
studies for those analytes that you have reported Not Acceptable results. You can quickly view your historical
data by study-type and analyte by clicking on the 'Historical Data' button in the toolbar above or by clicking on
the underlined analyte in the report below.

Please click on the 'Printer Friendly Version1 icon above to display your official Complete Final Report. Please
note that the report(s) sent on your behalf to state accrediting agencies will include only those analytes
required by each state. If you have any questions, please contact Shawn Kassner, PT manager, or Curtis
Wood, QA Director, at 1-800-372-0122.

Top of Page

Study WP-126
Exception Report

This exception report shows only those analytes with a performance evaluation of not
acceptable.

Standard/Analyte Units Reported
Value

Assigned II Acceptance
Value || Limits

Report Type with
Not Acceptable Evaluation

Method
Description

Method Number: 1
Volatiles

Brompmethane || ug/L | 1.30 I o.oo || | Not Acceptable | EPA 8260B

Method Number: 2
Brompmethane. || ug/L 1.30 || 0.00 || | Not Acceptable | EPA 624

Previous Report Top of Page

Study WP-126
Complete Final Report

Reported Assigned Acceptance Warning Performance Metl

https://secure.eraqc.com/FinalreDort.asD?reDort=WP 126 1/18/2005
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|| || Value || Value || Limits || Limits || Evaluation ||Descri

Method Number: 1
Volatiles

Acetone M9/L 82.2

Acetonitrile || ug/lj| <1.00
Acrylpnitrile

Acrolein

Benzene

Brpmodichlprpmethane

Bromoform I

Brpmprnethane

2-Butanone (lyiEK)

tert-Butyl methvl ether (MTBE)

Carbon disulfide

Carbon tetrachloride

Chlorobenzene

Chlorodibromomethane

|Ch|prpethane

97.6

0.00

ljg/Lj| <1.00 ||_ 0.00

M9/L

M9/L

ug/L

<1.00

19.9

51.2

0.00

19.2

46.3

pg/L 29.0 27.0

ug/L

ug/L

ug/L

1.30

<10.0

31.9

0.00

0.00

32.2

ug/Lj| <1.00 |L 0.00

ug/L

M9/L

M9/L

M9/L

|2-Chloroethylvinylether || |jg/L

Chloroform

|Chlorpmethane

1 ,2-Dibromo-3-chloropropane (DBCP)]

|l.2-Dibromoethane (EDB)

M9/L

M9/L

M9/L

M9/L

49.0

56.5

59.9

51.6

<1.00

34.4

<1.00

49.3

53.8

67.0

50.0

19.3-159

—

13.0-25.4

32.6 - 62.5

15.1 -
23.3

37.6-
57.5

16.4-36.7 1^'8'
|| OO.O

19.6-46.4

27.1 -67.4

38.8 - 67.5

45.9 - 89.0

20.0 - 80.0

0.00 ||

35.4

0.00

<1.00 |L 0.00

<1.00 0.00

[Dibromomethane ][|jg/L]| <1.00 |[ 0.00

1 ,2-Dichlorobenzene

1 ,3-Dichlorobenzene

1 ,4-Dichlorobenzene

M9/L 26.1

fjg/L

M9/L

Dichlorodifluoromethane || ^jg/L

1j.1rDi_chlpjroethane_ || pg/L

1,2-Dichloroethane

1 , 1 -Dichlorpethylerie

cis-1 ,2-Dichloroethylene

trans-1 ,2-DichJproethylene

jL2rDjchlorpp_rgpane^

^9/L

M9/L

M9/L

16.5

43.4

24.9

14.8

42.6

24.4 - 46.2

Acceptable |

Acceptable |

Acceptable |

Acceptable |

EPA 8

EPA 8

EPA 8

EPA 8

Acceptable EPA 8

Acceptable

Acceptable

Not
Acceptable

Acceptable

EPA 8

EPA 8

EPA 8

EPA 8

Acceptable || EPA 8

|| Acceptable

33.8-
60.7

43.6-
62.7

53.0-
81.8

Acceptable

Acceptable

Acceptable

Acceptable

|| Acceptable
00 H II

42 6 Acceptable

II

II

16.8-32.7

9.26-19.4

28.6 - 54.0

19.5-
30.1

11.0-
17.7

32.9-
49.8

Acceptable

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

Acceptab[eJ| EPA 8

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

<1.00 ||_ 0.00 || || ILAcceptableJI EPA 8

21.8 ||_ 20.8

34.9

23.5

27.1

^g/Lj| 20.3

Mg/L
II

101

35.1

20.5

25.2

19.2

104

13.8-28.3

24.3 - 46.8

10.9-30.1

17.3-33.7

9.68 - 29.2

68.5-137

28.1 -
43.0

II II

Acceptable]! EPA 8

Acceptable EPA 8

AcceptableJI EPA 8

Acceptable]] EPA 8

AcceptabjeJ EPA 8

Acceptable]] EPA 8
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cis-1,3-DichlprpprQpylene. |

|trans-1,3-Dichloropropvlene |

Ethylbenzene

Hexachlorpbutadjene

2-Hexanone

Methylene chloride

|4-Methyl-2-pentanpne (MIBK)

|Naphtha|ene

[Styrene

1,1l1l2-Tetrachlorpethane
1 , 1 ,2,2-Tetrachloroethane

Tetrachlprpethylene

Toluene.

1 ,2,4-Trichlorobenzene

1 , 1 ., 1 -Trichlprpethane

1 , 1 ,2-Trichloroethane

Trichloroethylene

Trichlprpfluorpmethane

llj^S-Trichlprpprppane.
|Vinyl acetate

|Vinyl chloride

|Xylenes, tptal

Method Number: 2
Acetone..

lAcetpnitrile

|Acrylpnitrile
|Acrolein

Benzene

Bromodichlpromethane

Brpmoform

Brpmomethane.

2-Butanone (MEK)

Itert-Butyl methyl ether (MTBE)

Carbon disulfide

Carbon tetrachlpride

i i

M9/L|
uq/L|

uq/L

U9/L|

rjjg/n

"M9/3
[wit]
|ug/l|
fpg/L
|Mg/L

M9/L

M9/L

ug/L

Mg/L
Mg/L
MP/L

M9/L

Mg/L
IMQ/L
|M9/L

IMQ/L

|7g/L
Mg/L
Mg/L
M9/L

ug/L

M9/L

M9/L

ug/L

M9/L

Mg/L
|ug/L

ug/L
i i

<1.00 J

<1.00

48.4

80.3

<10.0 |

105

120

[ <1.00 |

| 64.8 |

<1.00

28.2

99.1

76.9

129

84.2

110

22.4

I 24.4

131

<1.00

<1.00

| 225

| 82.2

| <1.00

<1.00

<1.00

19.9

51.2

29.0

1.30

<10.0

31.9 |

<1.00

49.0

i i

0.00 |

0.00 |

43.8

101

0.00 |

114

129

0.00 |

51.6

0.00

I 24.4

96.1

72.2

136

83.0

101

25.1

20.8

119

0.00

0.00

207

97.6

|_ 0.00

|_ 0.00

|_ 0.00

19.2

46.3

27.0

0.00

0.00

L 32.2

0.00

49.3

i i

1

1

30.0 - 55.9

11.5-121

70.0-157

63.8-190

I
33.3 - 70.3

| 12.7-38.1

54.7-125

50.1 - 90.3

30.7-161

51.6-109

69.9-130

15.8-33.5

8.32 - 33.3

50.9-186

| 119-276

19.3-159

I

13.0-25.4

32.6 - 62.5

16.4-36.7

19.6-46.4

27.1 - 67.4

i i

I

I
34.4-
t;i KO I .D

84.6-
-1 /IQ
1^0

66.4-
114

56.8-
83.6

61.2-
99.3

18.8-
oU.b

I
I

I

I
I

15.1 -
23.3

37.6-
57.5

19.8-
33.3

33.8-
60.7

i i

Acceptable |

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable
1

Acceptable

Acceptable

Acceptable]

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

| Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Not
Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

i i

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

[EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

EPA 8

EPA

|_EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

i
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Chlorobenzene

Chlorodibromomethane

Chloroethane

2-Chloroethylvinylether

Chloroform

IChlorpmethane

ll^-Dibromo-S-chloropropanetDBCP)

|l,2-Dibromoethane(EDB) |

Dibromomethane

1 ,2-pichlprpbenzene

1 ,3-Dichlorobenzene

1 ,4-Dichlorobenzene

|Dich|orpdjfluprQmethane

1,1-Dichloroethane

1,2-Dichloroethane

|l,1-Dichlprpethylene

cis-1 ,2-Djchlorpethylene

|trans-1 ,2-Dich!prpethy!ene

|t,2-Dichloropropane

cis-1 ,3-Dichloropropylene

trans-ljS-Djchlprpprppylene

Ethylbenzene

Hexachlorobutadiene

2-Hexanone

Methylene chloride

4-Methyl-2-pentanpne (MIBK)

Naphthalene

Styrene_

|1 , 1 , 1 ,2-Tetrachloroethane

1,1 ,2,2-Tetrachlorpethane

Tetrachloroethylene

Toluene

1J2,4-Trichlprpbenzene

1 ,1 ,1 -Trichlprpethane

I I

MP/L

Mfl/L

M9/L

M9/L

pq/L

M9/L

M9/L

M9/L

m/L

M9/L

up/L

MP/L

M9/L

M9/L

up/L

|ug/L

M9/L

ug/L

ug/L
ug/L

M9/L

IJ9/L

M9/L

M9/L

|jq/L

IMQ/L
|M9/L

ijg/L
uq/L

[pg/T

pq/L

uq/L

M9/L

(jg/L

56.5

59.9

51.6

<1.00 J

34.4

| <1.00

<1.00

| <1.00

<1.00

26.1

16.5

43.4

<1.00

21.8

34.9

23.5

27.1

20.3

101

<1.00

<1.00

48.4

80.3

| <10.0

105

| 120

L<LOO
64.8

| <1.00

28.2 J

99.1

76.9

| 129

84.2

I I

53.8

67.0

50.0

| 0.00 |

35.4

0.00

0.00

0.00

0.00

24.9

14.8

42.6

0.00

[ 20.8

35.1

20.5

| 25.2

[ 19.2

| 104

0.00

0.00

43.8

[ 101

0.00

1 114

| 129

[ o.oo
51.6

0.00

L 24.4

96.1

72.2

136

83.0

!

38.8 - 67.5

45.9 - 89.0

20.0 - 80.0

24.4 - 46.2

I

16.8-32.7

9.26-19.4

28.6 - 54.0

13.8-28.3

24.3 - 46.8

10.9-30.1
[ 17.3-33.7
9.68 - 29.2
68.5-137

30.0 - 55.9

11.5-121

70.0-157

| 63.8-190

I
33.3 - 70.3

I
12.7-38.1

54.7-125

50.1 - 90.3

30.7-161

51.6-109

I

43.6-
CO ~7
\)£..l

53.0-
R1 A

28.1 - I
AO Kt^.D j

I

I

19.5-
30.1

11.0-
4 7 7
I f.f

32.9-
AQ Qny.o

28.1 -
A Q A4o.U

I
I
I
I

34.4-
51.6

|

84.6-
A A 014o

66.4-

56.8-
| 83.6

61.2-
99.3

I

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

I Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

| Acceptable

[ Acceptable

| Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

| Acceptable

| Acceptable

Acceptable

| Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

I

EPA

EPA

EPA

EPA

EPA

EPA

EPA

| EPA

EPA

EPA

EPA

EPA

EPA

| EPA

EPA

EPA

| EPA

EPA

| EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

EPA

I
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1J,2-Trichloroethane

Trichloroethvlene

ug/L|| 110

|jg/L 22.4

101

25.1

Trichlorofluoromethane || ug/L || 24.4 \[_ 20.8

L213-Irich!orQprQpane

Vinyl acetate

VinyLchjoride.

Xvlenes, total

M9/L|

ug/L

M9/L|

ug/L|

131 |

<1.00 J

<1.00

119

0.00

0.00

225 || 207

69.9-130 |L || Acceptable

15.8-33.5

8.32 - 33.3

50.9-186

119-276

I 18.8-
| 30.6 Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

Acceptable

EPA

EPA

EPA

EPA

EPA

EPA

EPA
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I. METHOD SCOPE AND APPLICABILITY

This method is designed for the identification and quantitation of purgeable volatile organic
compounds (VOCs) in samples by the use of capillary column gas chromatography / mass
spectrometry (GC/MS) instrumentation.

Volatile organic compounds are analyzed in a variety of matrices, such as water, water-miscible
liquids, and soils/sediments using the purge and trap technique, and can be analyzed efficiently if
their boiling points are <200°C and are insoluble or slightly soluble in water. Water soluble
VOCs can be analyzed by this technique, however purge efficiency is directly related to water
solubility. Thus, the practical quantitation limits (PQL) will be higher for soluble than for
insoluble compounds; highly soluble compounds will have quantitation limits approximately 10
times greater than insoluble analytes.

The PQL of the purge and trap technique for a given analyte is dependent upon the matrix
analyzed and the instrument used. The following Table 1 outlines target compounds, internal
standards, primary and confirmatory ions as well as internal standards used to quantify each
compound. Table II lists Practical Quantitation Limits (PQLs) by matrix.

TABLE 1
Calibrated Compounds and Quantitation / Confirmation ions

Internal Standards
Compound Name

Fluorobenzene

Chlorobenzene-d5

1 ,4-Dichlorobenzene-d4

Primary Ion
96

117

152

Confirmation Ions
77

119,82

150,115

System Monitoring Compounds
Compound Name

Dibromofluoromethane
1 ,2-Dichloroethane-d4

Toluene-d8
4-Bromofluorobenzene

Primary Ion
113
102
98
95

Confirmation Ions
111,92

65,67,51
100

174,176

Internal Std. used
Fluorobenzene
Fluorobenzene
Fluorobenzene

Chlorobenzene-d5

c
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Target Compounds
Compound Name

Dichlorodifluoromethane
Chloromethane
Vinyl chloride
Bromomethane
Chloroethane

Trichlorofluoromethane
Acetone

Ethyl ether
1 , 1 -Dichloroethene

Tert-Butanol
Acrylonitrile

Methylene chloride
Carbon disulfide

Methyl tert-butyl ether
trans- 1 ,2-Dichloroethene

2-Butanone (MEK)
Di-isopropyl ether

Ethyl tert-butyl ether
1 , 1 -Dichloroethane

2,2-Dichloropropane
cis- 1 ,2-Dichloroethene
Bromochloromethane

Chloroform
Tetrahydrofuran

1,1,1 -Trichloroethane
Carbon tetrachloride

Tert-amyl methyl ether
1 , 1 -Dichloropropene

Benzene
1 ,2-Dichloroethane

Trichloroethene
1 ,2-Dichloropropane

1 ,4-Dioxane
Dibromomethane

Bromodichloromethane
4-Methyl-2-pentanone
2-Hexanone (MBK)

cis-l,3-Dichloropropene
Toluene

trans-1 ,3-Dichloropropene
1 , 1 ,2-Trichloroethane

Primary Ion
85
50
62
94
64
101
58
74
96
59
53
84
76
73
96
72
45
59
63
77
96
128
83
42
97
117
59
75
78
62
95
63
88
93
83
100
43
75
92
75
83

Confirmation Ions
87
52
64
96
66
103
43

59,45
61,63
41,57
52,51
86,49

78
57

61,98
43

43,87
87,57
65,83

97
61,98

49,130
85

41,72,71
99,61
119

55,73
110,77

77
98

97,130,132
112

57,58,43
95,174
85,127

43,58,85
58,57,100
77,110,39

91
77,110
97,85

Internal Std. used
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene
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Compound Name
Tetrachloroethene

1 ,3-Dichloropropane
Dibromochloromethane

1,2-Dibromoethane (EDB)
Chlorobenzene

1,1,1 ,2-Tetrachloroethane
Ethylbenzene
m,p-Xylene

o-Xylene
Styrene

Bromoform
Isopropylbenzene

Bromobenzene
1 , 1 ,2,2-Tetrachloroethane

1 ,2,3-Trichloropropane
n-Propylbenzene
2-Chlorotoluene
4-Chlorotoluene

1 ,3,5-Trimethylbenzene
tert-Butylbenzene

1 ,2,4-Trimethylbenzene
sec-Butylbenzene

1 ,3-Dichlorobenzene
4-Isopropyltoluene

1 ,4-Dichlorobenzene
1 ,2-Dichlorobenzene

n-Butylbenzene
l,2-Dibromo-3-
chloropropane

1 ,3,5-Trichlorobenzene
1 ,2,4-Trichlorobenzene
Hexachlorobutadiene

Naphthalene
1 ,2,3-Trichlorobenzene

Primary Ion
164
76
129
107
112
131
91
106
106
104
173
105
156
83
75
91
91
91
105
119
105
105
146
119
146
146
91
75

180
180
225
128
180

Confirmation Ions
129,131,166

78
127

109,188
77,114
133,119

106
91
91
78

175,254
120

77,158
131,85

77
120
126
126
120

91,134
120
134

111,148
134,91

111,148
111,148
92,134
155,157

145,109,74
145,182

223,227,259

145,182

Internal Std. used
Fluorobenzene
Fluorobenzene
Fluorobenzene
Fluorobenzene

Chlorobenzene-d5
Chlorobenzene-d5
Chlorobenzene-d5
Chlorobenzene-d5
Chlorobenzene-d5
Chlorobenzene-d5
Chlorobenzene-d5
Chlorobenzene-d5
Chlorobenzene-d5
Chlorobenzene-d5
Chlorobenzene-d5
Chlorobenzene-d5
Chlorobenzene-d5
Chlorobenzene-d5
Chlorobenzene-d5
Chlorobenzene-d5
Chlorobenzene-d5
Chlorobenzene-d5
Chlorobenzene-d5

1 ,4-Dichlorobenzene-d4
,4-Dichlorobenzene-d4
,4-Dichlorobenzene-d4
,4-Dichlorobenzene-d4
,4-Dichlorobenzene-d4

,4-Dichlorobenzene-d4
,4-Dichlorobenzene-d4

1 ,4-Dichlorobenzene-d4
1 ,4-Dichlorobenzene-d4
1 ,4-Dichlorobenzene-d4
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TABLE II
Practical Quantitation Limits by Matrix (PQL)

Target Compounds
Compound Name

Dichlorodifluoromethane
Chloromethane
Vinyl chloride
Bromomethane
Chloroethane

Trichlorofluoromethane
Acetone

Ethyl ether
1 , 1 -Dichloroethene

Tert-Butanol
Acrylonitrile

Methylene chloride
Carbon disulfide

Methyl tert-butyl ether
trans- 1 ,2-Dichloroethene

2-Butanone (MEK)
Di-isopropyl ether

Ethyl tert-butyl ether
1 , 1 -Dichloroethane

2 ,2 -Dichloropropane
cis-1 ,2-Dichloroethene
Bromochloromethane

Chloroform
Tetrahydrofuran

1,1,1 -Trichloroethane
Carbon tetrachloride

Tert-amyl methyl ether
1 , 1 -Dichloropropene

Benzene
1 ,2-Dichloroethane

Trichloroethene
1 ,2-Dichloropropane

1 ,4-Dioxane
Dibromomethane

OBromodichloromethane
4-Methyl-2-pentanone
2-Hexanone (MBK)

cis- 1 ,3 -Dichloropropene

Drinking
Water (ug/L)

0.50
0.50
0.50
0.50
0.50
0.50
10.0
0.50
0.50
10.0
0.50
0.50
0.50
0.50
0.50
10.0
0.50
0.50
0.50
0.50
0.50
0.50
0.50
10.0
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
20.0
0.50
0.50
10.0
10.0
0.50

Waste
Water (ug/L)

1.0
1.0
1.0
1.0
1.0
1.0

10.0
1.0
1.0

10.0
1.0
1.0
1.0
1.0
1.0
10.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

10.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

20.0
1.0
1.0

10.0
10.0
1.0

Low level
Solid (ug/kg)

5.0
5.0
5.0
5.0
5.0
5.0
10.0
5.0
5.0
10.0
5.0
5.0
5.0
5.0
5.0
10.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
10.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

20.0
5.0
5.0
10.0
10.0
5.0

High level
Solid (ug/kg)

50.0
50.0
50.0
50.0
50.0
50.0
500.0
50.0
50.0
500.0
50.0
50.0
50.0
50.0
50.0

500.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
500.0
50.0
50.0

500.0
500.0
50.0
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Compound Name

Toluene
Trans- 1,3-

Dichloropropene
1 , 1 ,2-Trichloroethane

Tetrachloroethene
1 ,3-Dichloropropane

Dibromochloromethane
1,2-Dibromoethane (EDB)

Chlorobenzene
1,1,1 ,2-Tetrachloroethane

Ethylbenzene
m,p-Xylene

o-Xylene
Styrene

Bromoform
Isopropylbenzene

Bromobenzene
1 , 1 ,2,2-Tetrachloroethane

1 ,2,3-Trichloropropane
n-Propylbenzene
2-Chlorotoluene
4-Chlorotoluene

1 ,3,5-Trimethylbenzene
tert-Butylbenzene

1 ,2,4-Trimethylbenzene
sec-Butylbenzene

1 ,3-Dichlorobenzene
4-Isopropyltoluene

1 ,4-Dichlorobenzene
1 ,2-Dichlorobenzene

n-Butylbenzene
l,2-Dibromo-3-
chloropropane

1 ,3,5-Trichlorobenzene
1 ,2,4-Trichlorobenzene
Hexachlorobutadiene

Naphthalene
1 ,2,3-Trichlorobenzene

Drinking
Water (ug/L)

0.50
0.50

0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50

0.50
0.50
0.50
0.50
0.50

Waste
Water (ug/L)

1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
2.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0

Low level
Solid (ug/kg)

5.0
5.0

5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

5.0
5.0
5.0
5.0
5.0

High level
Solid (ug/kg)

50.0
50.0

50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0

50.0
50.0
50.0
50.0
50.0
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II. METHOD SUMMARY

Purgeable VOCs in an aqueous state are transferred from an aqueous phase to a vapor phase by
purging the sample with an inert gas (helium). The purged vapor stream is concentrated on a
trap, a stainless steel tube containing sorbent material capable of trapping the purged VOCs. The
volatile compounds are then desorbed from the sorbent materials onto a capillary column by
back-purging the trap with helium at an elevated temperature. The column is temperature-
programmed to separate the compounds, which are then detected by a mass spectrometer (MS)
interfaced to the gas chromatograph (GC).

Qualitative analysis is accomplished by the comparison of the mass spectra of the target analytes
with prepared standards, and by GC retention times. Quantitation is achieved by comparing the
abundance of a primary characteristic (quantitation) ion to the response of the internal standard
using a minimum of a five-point calibration curve. Table 1 (above) lists calibrated compounds
and associated ions.

III. DEFINITIONS

VOC - volatile organic compound
DI - deionized
GC - gas chromatograph
GC/MS - gas chromatography/mass spectrometry
MDL - minimum detection limit
PQL - practical quanititation limit
PID - photo ionization detector
FID - flame ionization detector
QC - quality control
CCV - continuing calibration verification
LCS - laboratory control sample
LIMS - laboratory information management system
PPB - parts per billion
PPM - parts per million
OVA - Organic Vapor Analyzer

IV. HEALTH AND SAFETY

A. All analysts performing these methods must adhere to the practices specified in the
Chemical Hygiene Plan. Analysts must wear gloves, safety glasses, and protective
clothing when handling samples.
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B. Specific equipment related hazard areas:

1. High temperature zones - use caution to prevent burns from:

a) Transfer line (220°C-300°C)

b) GC oven and injectors (up to 230°C)

c) Glassware oven (230°F)

2. Electrical shock hazard zones - turn instrument off when servicing.

a) GC - power supply.

b) Purge and trap - power supply.

3. High pressure

a) Purge vessels - backpressure can push liquid out of tube/syringe.

b) Gas supply.

4. Procedural safety

a) Chemicals - follow Chemical Hygiene Plan when handling samples,
standards, or chemicals.

b) Syringes - use caution to avoid puncture from needles.

c) Vapors- use caution to avoid inhalation of sample/standard vapors.

V. CAUTIONS

Certain activities may result in the degradation of samples, invalidation of results, or damage to
equipment. Care should be taken to minimize such events by following proper sample handling
and proper laboratory procedures:

A. In order to ensure the integrity of samples and standards, and to avoid degradation of
volatile compounds, keep refrigerated or frozen (where applicable) until time of
preparation and analysis.

B. Avoid excessive agitation of samples and standards, which would result in the release of
,<-••- volatile compounds.
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C. Any soapy or frothy samples will require being diluted at time of loading to avoid
damage to the trap, column, and detector during analysis.

D. Highly contaminated sample(s) with heavy petroleum product shall be diluted
sufficiently to avoid excessive system contamination and "carry-over" contamination to
other samples in the run sequence.

E. Analysts in the VOC department shall avoid entering departments that use such solvents
as methylene chloride and acetone. This will avoid the possibility of carrying the vapors
on their protective laboratory coats back to the VOC instrument room, which may cause
false positive results within the VOC data.

VI. INTERFERENCES

The major sources of interference when analyzing samples with this method and the preventative
actions taken to control each of these sources are as follows:

A. Purge/carrier gas supplies

The possibility of impurities from the purge and carrier gases entering the analytical
system will be minimized by:

1. The installation of molecular sieve filters and hydrocarbon filters in the gas plumbing
ahead of the instrumentation; and

2. Utilizing ultra high purity gases.

B. Residual instrument background

To avoid the possibility of organic compounds out-gassing from the sample lines and
fittings in the purge and trap system, only Silicosteel™ and Nickel tubing are used.

1. A daily System Blank is analyzed on each instrument to monitor the system before
any samples are run. If the blank shows any contamination, corrective action must be
taken before proceeding with sample analysis (see Section XVIII).

2. Cross-contamination from the sparging vessels is minimized by removing the vessels
after each sample is run, rinsing the sparging needle with DI water, and replacing
with a clean vessel (refer to Section VI.C. "Cleaning Protocol").

3. Carry-over from a high concentration sample is minimized by:

C
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a) Performing a dilution or analyzing cleaner samples at the beginning of a sample
sequence

b) Analyzing samples known to have high contamination at the end of the sequence.

c) Analyzing a reagent blank directly after the highly contaminated sample also
minimizes carry-over.

d) Frequent bake-out of the trap, transfer lines, and GC oven may be necessary to
keep the instrument free from contamination.

e) Cross-contamination from analyst error is avoided by

f) Keeping gloves clean and dry between loading samples

g) Rinsing the dispensing syringe with reagent water between loading samples (or
more rigorous cleaning after highly contaminated samples)

h) Appropriately cleaning dilution syringes between loading samples.

C. Cleaning Protocols

1 . Purge vessels:

a) Remove all tubes from the autosystem unit and rinse a minimum of three times with
hot tap water and 3 times with DI water.

b) Bake for one hour at 230° F. (Highly contaminated tubes may require scrubbing with
soapy water first).

2. Syringes:

a) All syringes used for preparing dilutions shall be cleansed by rinsing them a
minimum of three times fully with hot tap water, methanol, and reagent water.

b) Dispensing syringes (5ml Luer Lock) shall be cleansed by rinsing them a
minimum of three times with hot tap water and then deionized water.

3. Glassware:

a) All flasks used in preparing standards or samples shall be cleansed by rinsing
them a minimum of three times with hot tap water, and De-Ionized water.

b) Bake in the oven at 230°F for one hour.
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VII. PERSONNEL QUALIFICATIONS

Regardless of prior experience, all analysts will begin employment at Spectrum Analytical, Inc.
on a 3-month training/probation period, during which time they will work very closely with
experienced analysts. They will learn daily operating procedures, the fundamentals of gas
chromatography and mass spectrometry, sample preparation, analysis, and processing, in
addition to routine maintenance of their instrument. For current qualifications and resumes,
please refer to Spectrum Analytical, Inc. Comprehensive Quality Assurance Manual. The
following is an example of a training schedule for a new employee:

A. Laboratory tour and brief explanation of sample route (login to report)

I. Where does sample come from, when are results due, what happens with results.

B. Receive introductory package

1. Standard Operating Procedures (SOPs)

2. Analyst responsibilities checklist

i 3. Copy of training plan

4. Time sheet, vacation request form, QA, warning, evaluation, and review forms

5. Method lists and EPA methods

C. Cleaning

1. Clean purging vessels

2. Overview of modes on Purge & Trap and GC/MS equipment.

D. Analysis preparation

1. Learn organization of the sample refrigerator

2. Create a batch, pull samples, print bench sheets, get familiar with troubleshooting

3. Check sample labels information versus bench sheets

4. Understand the use of instrument sample lists and proper communication

C
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E. Analysis

1. Learn dilutions and amount of spike; practice loading blanks at different dilutions

2. Practice loading GC methods

3. Learn download procedure for instrument and setting Purge & Trap sequence (both
LSC 3000, 3100, and Sola-Tek).

4. Learn proper sequence organization by analysis and sample ID

5. Proper logbook entries

6. Cross-contamination, cleanliness

7. Saving 20ml sample vials

8. How to determine dilutions by use of FID/PID OVA screening device for both waters
and soils

9. Load, download System Blank, CCV, LCS and LCSD

10. Clean syringes

11. Efficiency in loading and progressing throughout the day

F. Sample preparation

1. Use of FID/PID (filling, turning on, interpreting results)

G. Gas chromatography/purge and trap

1. What happens to sample each step of the way

2. Column/traps

3. Principals

4. Detector

5. Maintenance/repair
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H. Basic Processing

1 . Process System Blank, CCV, LCS and LCSD

2. Explanation of retention time, recovery, use of surrogates, calibration curve

3. Spectrums and chromatograms

4. Determine reruns and new dilutions

5. Gather daily QC package and understand QC criteria

I. Calculations

1 . Use of dilution factor

2. Understanding how the UMS calculates different matrices

3. Understanding % solid

J. Reporting

1. LIMS; Element

2. Data validation

K. Miscellaneous

1 . Soil extractions

2. % solids

3. Glassware

4. Refrigerator cleaning

5. Analyzed sample vials stored in order of analysis under carts
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VIII. APPARATUS AND MATERIALS

Laboratory instrumentation for this method consists of six GC/MS instruments, each of which is
controlled by its own computer and software. All are equipped with 5mL, glass sparging
vessels, a VOC trap (Supelco Vocarb 3000 or equivalent) and capillary columns (J&W DB-
VRX, or equivalent).

GC/MS

GC/MS
(HP_2)

GC/MS
(HP_3)

GC/MS
(HP_4)

GC/MS
(HP_5)

Tekmar ALS 2016 and ALS 2032 purge and trap autosamplers
Tekmar 3100 sample concentrator
Supelco vocarb 3000 (K) trap and conditions used
Hewlett Packard 6890 series II gas chromatograph
Hewlett Packard 5973 Mass Selective Detector
Column - DB-VRX, 20 meters, 0.18mm diameter 1 .Oum film

Tekmar ALS 2016 and ALS 2032 purge and trap autosamplers
Tekmar 3100 sample concentrator
Supelco vocarb 3000 (K) trap and conditions used
Hewlett Packard 5890 series II Plus gas chromatograph
Hewlett Packard 5971 (with 5972 option) Mass Selective Detector
Column - DB-VRX, 30 meters, 0.25mm diameter 1.4um film

Tekmar ALS 2016 and ALS 2032 purge and trap autosamplers
Tekmar 3100 sample concentrator
Supelco vocarb 3000 (K) trap and conditions used
Hewlett Packard 5890 series gas chromatograph
Hewlett Packard 5971 (with 5972 option) Mass Selective Detector
Column - DB-VRX, 30 meters, 0.25mm diameter 1.4um film

Tekmar Solatek 72 Multi-matrix vial autosampler
Tekmar 3100 sample concentrator
Supelco vocarb 3000 (K) trap and conditions used
Hewlett Packard 6890 series gas chromatograph
Hewlett Packard 5973 Mass Selective Detector
Column - DB-VRX, 20 meters, 0.18mm diameter l.Oum film

Tekmar ALS 2016 and ALS 2032 purge and trap autosamplers
Tekmar 3000 sample concentrator
Supelco vocarb 3000 (K) trap and conditions used
Hewlett Packard 6890 series gas chromatograph
Hewlett Packard 5973 Mass Selective Detector
Column - DB-VRX, 20 meters, 0.18mm diameter 1 .Oum film
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GC/MS Tekmar Solatek 72 Multi-matrix vial autosampler
(HP_6) Tekmar 3100 sample concentrator

Supelco vocarb 3000 (K) trap and conditions used
Hewlett Packard 6890 series gas chromatograph
Hewlett Packard 5973 Mass Selective Detector
Column - DB-VRX, 20 meters, 0.18mm diameter l.Oum film

Analytical balance: Denver Instruments - capable of reading 0.0001 to 100.9999 grams.

Flasks: 10, 25, 50, 100 and 250ml volumetric with ground glass stoppers.

VOA vials: 40 ml amber, open top screw cap with PTFE faced silicone septa, pre-
cleaned using wash procedure B.

40 ml clear, open top screw cap with PTFE faced silicone septa, pre-
cleaned using wash procedure B with 15ml of methanol.

40 ml clear, open top screw cap with PTFE faced silicone septa, pre-
cleaned using wash procedure B with 5ml NaHSO4 and a magnetic stir
bar.

20ml clear, open top screw cap with PTFE faced silicone septa, pre-
cleaned using wash procedure B.

Syringes: 5ml glass with Luer lock tip and PTFE coated plunger; 5, 10, 25, 50, 100,
and 500 gas tight microliter syringes.

IX. REAGENTS

A. Methanol (CHaOH) - Purge and trap grade.

B. Hydrochloric acid (HC1) -

C. Sodium Bisulfate (NaHSO4) -

D. Organic Free Reagent water - ASTM Type II is required.

• ASTM Type I is produced using a reverse osmosis pretreatment unit (Millipore Elix)
followed by an automatic sanitization module and a deionization and carbon
adsorption unit (Milli-Q Academic) equipped with a series of resin cartridges.

E. Stock Standard Solutions - Purchased as custom multi-component and single component
solutions in methanol or water. Stored at 4°C in sealed ampules.
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F. All standard inventory is controlled and verified on a monthly basis to ensure all
standards required are available and used before expiration.

X. STANDARD PREPARATION

Proper standard preparation is performed by using clean, dry, microliter syringes for the
transferal of the appropriate volumes of the primary standard solutions into the volumetric
flasks. When dispensing the concentrates into the flasks, the needle of the syringe must be
totally immersed in the solvent. Once all appropriate concentrations have been spiked, the flask
must be slowly inverted three times only. Agitation of the liquid must be avoided. The liquid in
the neck of the flask is discarded and the remaining solution is used to fill the corresponding
containers. When filling VOA vials, care shall be taken to not allow any air bubbles to be
trapped in the vial when screwing on the cap. All quality control and calibration standards shall
have the description, concentration, unique LIMS ID, preparation date, and expiration date
labeled. All spiking standards (Internal Standard/Surrogates or Matrix Spike Solution) shall be
labeled with the description, concentration, unique LIMS ID, preparation date, and expiration
date. The unique LIMS ID, date of preparation, analyst initials, concentrations, amount spiked,
final volume, and the type of standard are recorded. Additionally the lot number and expiration
date of the standard is recorded. Standard pages describing the calibration or standard,
concentrations and processes are contained in a controlled logbook within the laboratory. This
logbook will be reviewed and initialed biweekly by the department manager, assistant, or
coordinator.

A. Working Calibration Standards - Prepare a minimum of five working standards from
primary dilution standards in 100ml volumetric flasks, diluting with deionized water.
One of the standard concentrations must be < the practical quantitation limit. The other
standards should cover the linear working range of the instrument. Concentrations are
typically prepared at 0.50, 1, 2, 10, 20, 50, 100, and 200ug/L. Standards shall be stored
in 40 ml VOA vials with no headspace for up to 24 hours at 4°C.

B. Daily CCV and LCS Quality Control Standards - Two batches of standards are prepared
every 7 days and stored in 40ml VOA vials with no headspace. One batch is labeled as
Continuing Calibration Verification (CCV) samples and the other batch is labeled as
Laboratory Control Samples (LCS). The CCV samples contain the full list, including the
method required CCC and SPCC compounds at a mid-range concentration of 50ug/L.
The LCS samples contain the full list at a concentration of 20ug/L. These two QC
batches are prepared from separate primary dilution standards.

C. Internal Standard/Surrogate Solution - The internal standards and surrogates are
purchased as certified concentrates in methanol. The prepared solution consists of
Fluorobenzene, Chlorobenzene-d5, and 1,4-Dichlorobenzene-d4 as the internal standards
and Dibromofluoromethane, Toluene-d8, 4-Bromofluorobenzene, and 1,2-
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Dichloroethane-d4 as surrogates. This is prepared in methanol at a concentration of
1 Oug/ml and stored in a serum vial at 4°C and must be labeled as to their description,
concentration, unique LIMS ID, preparation date, and expiration date.

D. Matrix spiking solution - GC/MS matrix spiking mixture is purchased as a certified
concentrate containing the following compounds: 1,1-Dichloroethene, Trichloroethene,
Chlorobenzene, Benzene, and Toluene and all method analytes upon request by the data
user. A 50ug/ml solution is prepared in methanol and stored in a serum vial at 4°C.

E. A Method Detection Limit (MDL) Study is performed on any newly installed instrument
or on an instrument that has undergone major maintenance. This is done by analyzing a
series of seven 2.0ppb solutions of all target compounds set forth by EPA methodology
(SW-846).

F. A Precision and Accuracy (P&A) Study is also performed yearly by each analyst as a
continuing demonstration of proficiency. This is done by analyzing a series of four
20ppb solutions of all target compounds as set forth by EPA methodology (SW-846).

XI. CALIBRATION

Calibration maintains the accuracy of the instrumentation over an extended period of time. Each
instrument must provide adequate results for the calibration to meet acceptance criteria. Once an
initial calibration for all method analytes has been established, a Continuing Calibration
Verification and a Laboratory Control Sample are analyzed each day to ensure the quality of the
calibration. Instruments are recalibrated if the area of the internal standard has differed by a
factor of two (-50% to +100%) of the initial calibration, after major maintenance, or upon failure
ofanyCCVorLCS.

A. Calibration Standards

A minimum of five standard solutions must be prepared to construct a calibration curve.
The concentration range of these solutions must bracket the linear working range of the
instrument for all method analytes. On a routine basis, calibration standards will be made
at 0.5, 1, 2, 10, 20, 50, 100, and 200ug/l. See "Standard Preparation", Section X.A. for
procedure. A 5-ml sample volume of the solution will be purged in this method.
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B. Calibration Analysis

1. Analyze the calibration standards as normal samples would be analyzed. Examine the
resulting chromatograms for the following parameters:

a) Assure that peaks are symmetrical in shape and that tailing is minimized. If
irregularities are observed, appropriate troubleshooting may be necessary (see
instrument operation manual).

b) Assure that peak identification software can recognize each analytical peak in its
respective retention time window and make correct tentative identifications.

2. Using the resulting data, the five point minimum calibration curve must be generated
by entering the peak areas for each individual analyte at their respective
concentrations. The curve for each analyte must have adequate relative standard
deviation (RSD) or correlation coefficients for the calibration to be accepted (see
Appendix G).

XII. SAMPLE COLLECTION AND PRESERVATION

Please refer to the Comprehensive Quality Assurance Manual for proper sampling and
preservation procedures. General procedures are as follows:

A. Water samples.

1. All samples for VOC analysis should be collected in pre-cleaned 40-ml VOA vials
that have been acidified with hydrochloric acid to a pH of less than 2.0 to prevent
biological degradation of aromatic compounds.

2. The container must be filled completely with the liquid sample so that there are no air
bubbles present. The PTFE side of the silicone septa should be against the liquid.
Once closed, the sample should not be opened until time of analysis.

3. All samples are to be iced or refrigerated and maintained at 4°C until time of analysis.

4. Collect at least two VOA vials from each location. Properly collected samples may
be stored up to 14 days before analysis.

5. A reagent trip blank should accompany each batch of water samples.
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6. All finished drinking or waste water samples suspected to contain residual chlorine
will follow a dechlorination procedure. This procedure uses about 25mg of ascorbic
acid per 40mL of sample to the sample bottle before filling. This procedure is
outlined in EPA 524.2, 08.1.1.

B. Soil Samples Method 5035a Compliant.

1. Low concentration soil samples (< 200 (ag/Kg or < .2 mg/Kg)

a) Samples should be collected in 40ml VOA vials containing 5ml of sodium bisulfate
solution and a stir bar provided by Spectrum Analytical.

b) During collection approximately 5 grams of soil must be added to the pre-measured,
pre-weighed sodium bisulfate vial. All sediment must be removed from the glass
threads of the vial to ensure an adequate seal.

c) Samples should always be collected in duplicate to cover for breakage or laboratory
quality control reanalysis. Low level soil samples are purged in the vial making it
impossible for reanalysis without a duplicate.

2. High concentration soil samples (> 200 jag/Kg or > .2 mg/Kg)

a) Samples should be collected in 40ml VOA vials containing 15ml of purge and trap
grade methanol provided by Spectrum Analytical, Inc.

b) During collection approximately 15 grams of soil should be added to the pre-
measured, pre-weighed methanol vial. All sediment must be removed from the glass
threads of the vial to ensure an adequate seal.

c) Samples should always be collected in duplicate to cover for breakage and or
laboratory quality control reanalysis.

3. Oily waste samples - the collection of oily samples depends on knowledge of the waste
and its solubility in methanol.

a) If the oily waste is known to be soluble in methanol, collect the sample in accordance
with the technique noted for high concentration soils.

b) If the solubility of the oily waste is not known and cannot be field tested the sample
should be collected in a vial without a preservative. Fill the container as full as
possible in order to minimize volatile compound loss in the headspace.
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4. Important Notes

a) Please do not cover the tare weight with your sample identification label.

b) Store samples on ice at 4°C until transport to the laboratory facility.

c) A third VOA vial (40ml) must be collected for screening and dry weight
determination. This third vial must not contain any sample preservation solution.

C. Soil Samples Method 5035a Non-Compliant.

1. Fill container as full as possible without any air spaces.

2. Remove all materials on the vial threads and top of vial to ensure proper seal. PTFE
faced septa must seat against the glass to prevent loss of volatile compounds.

3. Refrigerate at 4°C until analysis.

4. Soil samples must be extracted within 14 days of collection date.

5. Methanol extracts of soils must be refrigerated at 4°C and may be held up to 28 days
before analysis.

D. Once samples are received at the laboratory, they are secured by the Sample Department,
assigned a laboratory specific identification number, and are stored in refrigerators before
analysis. During the log-in procedure, all information about the sample is entered into
the Laboratory Information Management System (LIMS). The information entered
reflects the client sample identification, analyses requested and collection date and time.
Once the entry is complete, samples are assigned an identification number, which aids in
tracking the samples. Samples are then distributed to the appropriate departments
depending on the analyses requested. Samples for VOC analyses are stored in a
refrigerator specified for VOC samples only and are organized in numerical order for
ease of tracking. One vial of the sample is placed in an "original" box while the other is
placed in a "duplicate" box. Soil samples extracted within the laboratory are stored in a
separate box appropriately labeled within the same refrigerator.

E. Samples are kept refrigerated for 21 days. They are then removed from the refrigerator,
put in a box labeled with the disposal date, and kept in the sample staging area for an
additional 60 days. Samples are disposed of after those 60 days unless otherwise
specified for return to the client.
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XIII. SAMPLE PREPARATION AND ANALYSIS

On a daily basis, each department prints from the LIMS software a backlog, which indicates all
samples that have not yet been analyzed. Listed in the backlog report are laboratory and client
ID's, collection date, analysis due date, and analysis requested. By reviewing the backlog, the
analyst ascertains which samples to analyze during that day and can also avoid letting any
samples pass their holding time by observing the collection dates.

A. Sample preparation

Once a sample sequence has been determined by use of the backlog, a bench sheet is
generated and the samples are taken from the refrigerator and placed in the laboratory.
Samples must warm to room temperature before being analyzed. The analyst compares
information on the bench sheet with the information on the labels of the samples to
ensure that the laboratory and client ID's, collection date and time, and requested
analysis are the same. Any discrepancies are relayed to the Sample Department for
correction. In addition, the sample integrity is inspected and the analyst then initials this
sheet in confirmation of accuracy. A pH reading of aqueous samples are taken as each
sample is loaded and the result is recorded in the appropriate instrument sequence
logbook. Insufficient preservation is recorded on the sample bench sheet and in the
LIMS. All drinking water samples are checked for the presence of free chlorine with
Potassium Iodide test paper as each sample is loaded. Any positive reading for free
chlorine is recorded on the sample bench sheet and in the LIMS.

1. Water samples.

Water samples must be introduced into the purge and trap system directly from their
sample containers by use of a 5-ml Luer Lok syringe. In order to determine a
sample's dilution factor, a screening is performed on a portable FID/PID OVA
(organic vapor analyzer) instrument. Those samples requiring dilution will be mixed
with the appropriate volume of reagent water inside the 5-ml syringe for a final
volume of 5 ml. Typical dilutions are as follows:

Desired
Dilution
"Straight"

1:5

1:10

1:20

1:50

Amount of
Sample

5.0ml

1.0ml

500 ul

250 ul

lOOul

Amount of DI
Water

0.0ml

4.0ml

4.5ml

5.0ml

5.0ml
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Desired
Dilution

1:100

1:200

1:500

1:1000

1:5000

Amount of
Sample

50 ul

25 ul

10 ul

5.0 ul

1.0 ul

Amount of DI
Water

5.0ml

5.0ml

5.0ml

5.0ml

5.0ml

The dilution factor should be selected so that the method analyte with the highest
concentration in the sample would be 60% to 80% of the highest calibration standard.
In certain cases where the sample contains a high level of non-method analytes,

especially high boiling point compounds, the sample should be diluted enough to
prevent system contamination. Similarly, any soapy or frothy samples will require
being diluted at time of loading to avoid damage to the trap, column, and detectors
during analysis.

When handling samples and standards containing VOCs, it is especially important to
carry out the procedure as quickly as possible to avoid possible loss of analytes. Once
a water sample has been loaded into the purging vessel, a pH reading is taken and the
results are recorded in the instrument sequence logbook and on the bench sheet.

2. Soil samples.

Soil samples that are not field extracted are laboratory extracted in CHsOH and
NaHSC>4 prior to being analyzed by the purge and trap method. All samples must be
brought to room temperature before performing extractions. After extraction, the
extract solutions are introduced to the GC via EPA5030 or 5035A. The following
outlines the soil extraction procedure.

a) Compare the label of the soil container with the information on the sample bench
sheet.

b) Indicate on the bench sheet and in the LIMS the date of extraction, the analyst's
initials, the FID reading, and nature of sample (soil, clay, or oil).

c) Gently mix the remaining contents to insure a homogeneous sample, care should
be taken as to not agitate the sample which could result in loss of VOC analytes.
Clean balance dish as required using horsehair brush.
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d) Add about 15 grams (1:1 weight to volume ratio) of the sample to a 40ml vial,
equipped with a Teflon lined cap and containing 15ml of purge and trap grade
methanol.

e) Add about 5 grams (1:1 weight to volume ratio) of the sample to a 40ml vial,
equipped with a Teflon lined cap, and containing magnetic stir bar and 5ml of
sodium bisulfate.

f) Place the extraction vial in the sonicator and sonicate for 20 minutes. After
sonicating, centrifuge for five minutes.

Note: This step is only used for emergency response or high priority samples the
require analysis less than 12 hours after extraction.

3. Field Extracted Soil Samples (Methods 5030 and 5035a)

a) Method 5035a compliant - field extracted samples are collected both in methanol
and in sodium bisulfate. If concentrations are expected to be above 50ug/kg,
method 5030 is followed using the methanol extracted sample vial and the extract
solution is treated similar a liquid sample.

Note: All methanol extracts of soils must be run at a dilution. All methanol
extracts are run at a minimum of 1:50. The pre-screen FID/PID results will give
an indication as to what the dilutions shall be. All extracted soil samples must be
warmed to room temperature and weighed before loading in order to determine
the weight of the soil.

b) If concentrations are expected to be below 50 ug/kg method 5035a is followed
using a closed-system purge and trap process outlined below.

i. The sample is weighed and the initial and final weights are recorded on the
bench sheet.

ii. The sample is then placed in a sample rack on the Sola-Tek unit where a
robotic arm moves the sample to a heated sample cup.

iii. This heated sample cup elevates through a sparging needle allowing 10ml of
DI water containing internal standard and surrogates to be added.

iv. While maintaining 40°C, magnets continuously orbit the sample cup exciting
the magnetic stir bar while purging with an inert gas (He).
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v. This gas is collected on trap and the remaining procedure is as described in
Section II "Method Summary".

vi. If method analytes are detected above 200ug/kg, the methanol extract will be
analyzed if provided and both results will be reported if requested. This
ensures accurate data while maintaining low detection limits.

B. Procedure of Loading a Sample.

1. Check the label of the sample container and confirm with the sample bench sheet,
then initial to verify accuracy.

2. Bring the sample to room temperature.

3. Remove the plunger from a clean 5-ml gas tight Luer Lok syringe and rinse the barrel
of the syringe with a small portion of the sample to be analyzed.

4. FID/PID OVA screening is performed to determine if a dilution is required on the
sample. This is done by transferring a portion of the aqueous sample into 20-ml
VOA vial, being sure to have no headspace. The remaining portion in the 40-ml
VGA is used to take an FID/PID OVA screen. (No reading would indicate that a
sample would be run "straight".) This portion of the sample is discarded and the
sample is loaded from the airtight 20-ml VOA vial.

5. Samples requiring no dilution (if samples require dilution, proceed to Step 6)

a) Carefully fill the Luer Lok syringe barrel to overflowing with the sample (to keep
the liquid in the syringe, place one finger over the delivery port of the Luer Lok
before filling it).

b) Replace the plunger and invert the syringe.

c) Invert, and then compress the plunger, forcing out any residual air while
adjusting to the 5ml mark.

d) Add IS/S as described in Step 7.

6. Samples requiring dilution

a) Fill the 5ml Luer Lok syringe to overflowing with deionized water.
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b) Replace the plunger in the Luer Lok syringe and adjust to the appropriate volume
needed to add the appropriate amount of microliters of the sample (see previous
"Dilution Chart" Section XIII.A.l).

c) Add IS/S as described in Step 7.

d) Using an appropriately gauged gas tight dilution syringe, withdraw a portion of
the sample to rinse the syringe and discard. Repeat three times.

e) Withdraw the appropriate volume of sample (without air bubbles) and add to the
Luer Lok syringe through the delivery port.

7. Add 25ul of the internal standard and surrogate (IS/S) solution through the delivery
port of the Luer Lok syringe (25ul of IS/S is equal to SOppb in 5ml on the GC/MS
instruments)..

Note: When adding sample to the 5ml of DI water, the plunger of the Luer Lok
syringe must be pulled back slightly and held upright so the air space provided is at
the Luer Lok delivery port. This will allow liquid to be added without the loss of
dilution water volume.

8. Attach the Luer Lok syringe to a sample port on the Tekmar ALS 201 6 or ALS 2032
Autosampler, open the port valve, inject the sample into the tube by compressing the
plunger of the Luer Lok sysringe, close the port valve and then remove the Luer Lok
syringe from the Autosampler port.

9. The pH of the sample is taken and recorded in the instrument sequence logbook and
the bench sheet.

10. Each instrument has its own sequence logbook in which the pH / KI, sparger number,
laboratory sample identification number, client identification, dilution, and analysis
are recorded. This information is recorded as each sample is loaded into the system,
and samples are loaded in the order in which they will run. No samples are to be
loaded out of sequence. Sequence logbooks will be reviewed and initialed daily by
the department manager or assistant manager.
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C. Instrument Sequence Creation and Storage

A sequence file for the day must be created, indicating the specific instrument and the
corresponding date, such as 022205. The above sample information is then entered into
the computer software and a sequence run is downloaded. The Tekmar autosampler is set
to run the sequence by entering the starting position and the ending position numbers
(i.e., positions 1 through 16). The appropriate analysis methods shall be selected on both
the GC and the Tekmar LSC 3000, 3100, or Sola-Tek (see Appendices A - F).

XIV. TROUBLESHOOTING

Troubleshooting within the lab is performed for reasons such as instrument malfunction,
unacceptable quality control results or unacceptable/unexpected data results. For instrument
malfunction, the analyst is encouraged to refer to instrument manuals and, if necessary, contact a
service technician. Please refer to the Quality Control and Assurances Section XVIII for
troubleshooting of unacceptable quality control results.

In instances of unacceptable or unexpected data results, the analyst must investigate all areas of
possible problem. If the results of a sample that was run in duplicate do not match, the analyst
must first double check the labels on each vial to ensure all information is correct, including
client and laboratory identification. This will determine if there was a mislabeling by the client,
or a misnumbering of the Laboratory ID number by the Sample Department analyst. The pH of
each vial shall be rechecked also, as a sample that is not preserved may produce inaccurate
results.

It may be determined by checking the instrument sequence logbook that a sample contains false
positive results from a previous highly contaminated sample. Each analyst records in the
logbook when a highly contaminated sample has been analyzed, indicating the concentration of
the method analytes.

XV. DATA ACQUISITION, CALCULATIONS, AND DATA REDUCTION

As mentioned in Section XIII.C, "Instrument Sequence Creation and Storage", sequences are
created on each instrument and downloaded at the beginning of each sample run. Data files are
created within the sequence and allow data to be written to them as each sample is acquired.
Each data file is named for the laboratory identification number that is assigned to it at time of
log-in. Once the sample has completed its run, the analyst can then recall the file, process the
raw data, and calculate the results from the print-outs that are generated for each data file.

During the processing of the raw data, the analyst checks for any cross-contamination that may
have occurred during the run. If a sample was run after a highly contaminated sample and
results in low level contaminants, it will be flagged as questionable, and the sample will be rerun
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as a duplicate. If the results of the duplicate are similar to the original run indicating that there
was not a cross-contamination problem, the results are reported. If there are no samples with
questionable results, a sample may be picked at random to run as a duplicate for the purpose of
additional quality control.

Samples containing levels of contamination above the calibration range are rerun at a dilution to
bring the contaminants into the calibration range. Similarly, samples that were run at a dilution
and have results below detection limit are rerun at a lower dilution to bring the compounds
within the calibration range and to provide a lower detection limit.

Calculations used in quantifying the results to the analyses are based on the internal standard
concentration, dilution factor, and sample weight. However, all dilution factors, sample weights,
and injected amounts are assumed to be at a constant of one when downloading the sequence
into the software. The purpose of this is to easily monitor the detected raw concentrations of the
compounds found in the samples, and to ensure that those concentrations do not exceed the
upper limits of the calibration curve.

A. Calculating the Response Factor (RF)

For the internal standard calibration, the RF represents the key to calculating final
concentrations of each analyte in the sample. The RF is calculated as follows by using
information taken from a known sample.

RF = (As x Cis)/(Ais x Cs)

Where: As = Response (in area) for the parameter to be measured
Ais = Response (in area) for the internal standard
Cis = Concentration of the internal standard
Cs = Concentration of the parameter to be measured

Ex. Area for Toluene = 825,000
Area for I.S. = 900,000
Concentration of I.S. = 50.0
Concentration of toluene = 20.0

RF = (825,000 x 50.0)7(900,000 x 20.0)
RF = 2.2917
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B. Calculating Analyte Concentration

Using the above calculation, the concentration of the analyte found in an actual sample
can then be calculated:

Cr (ug/L) = (As x Cis)/(Ais x RF)

Where: As = Response for the parameter to be measured
Ais = Response for the internal standard
Cis = Concentration of the internal standard
Cr = The raw concentration (ppb) obtained from the computer printout

Ex. Cr = (500,000 x 50.0)7(890,000 x 2.2917)
Cr=12.26ug/l

The following equation is used to calculate the actual concentrations of constituents
found in a liquid sample. The raw data generated by the software is used:

C = Cr x df

Where: df = the dilution factor

If the above Toluene sample were run at 1:5 dilution, the actual concentration (C) would
be:

C= 12.26x5
C = 61.3 ug/L

For solid samples, the calculation is as follows:

F = X + Ww - Wd
Wd

Then:
C = (F x df) x Cr

Where: F - Factor by which the raw concentration will be multiplied before
dilution

X = Amount (ml) of solvent used (CH3OH, NaHSO4, DIH2O)
Ww = Wet weight of sample
Wd = Dry weight of sample
df = Dilution factor
Cr = The raw concentration (ppb) obtained from the computer printout
C = Actual concentration
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Ex. Sample weight = 15. 231 Ig
Percent solid = 87.4%
Dry weight = 13.31 Ig
Amount of Solvent = 1 5mL
Dilution Factor = 100

F=15 + (15.2311-13.3in= 1.271
13.311

F= 1.271

Then use the previous formula, C = (F x df) x Cr

C = (1.271 x 100) xCr

To get final results (C), multiply raw concentration by 127.1.

C. Calculating the Percent Solid of a Sample

After weighing out the sample to determine the dry weight, the percent solid of the
sample is calculated by dividing the dry weight by the wet weight. An example of the
percent solid calculation is shown below.

Ex. Wet weight = 11. 9530g
Dish=1.0561g
Final wet weight = 10.8969g
Dry weight = 9.3036g
Dish= 1.0561g
Final dry weight = 8.2475g

Final Dry weight = 8.2475 x 100% = 75.7%
Final Wet weight 10.8969

D. Evaluating Tentatively Identified Compounds

1 . All spectra must be evaluated by a qualified mass spectrometrist

2. The spectral library match must be > 85% for a tentative identification to be made
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3. Structural isomers that produce very similar spectra can be explicitly identified only
if they have sufficiently different chromatographic retention times. Acceptable
resolution is achieved if the height of the valley between two peaks is less than 25%
of the average height of the two peaks. Otherwise, structural isomers are identified as
isomeric pairs.

E. Manual integration

1. Manual integration is rarely used when interpreting GC/MS data. If manual
integration is used it would be due to one of the following reasons:

a) Excessive tailing

b) Poor automatic integration

c) Incorrect peak identification

d) Integrating carbon range areas

e) Shouldering; coeluting peaks

2. All manual integration or peak to peak integration is performed from valley to valley
and will be reviewed by management for concurrence and approval in accordance
with the Manual Integration Standard Operating Procedure.

XVI. COMPUTER HARDWARE AND SOFTWARE

Each instrument has its own specific software, and thus has its own computer to run the
instrument. All GC/MS instruments are run by ChemStation software. The laboratory-wide
LIMS system is Element.

XVII. DATA MANAGEMENT AND RECORDS

Please refer to the Comprehensive Quality Control Manual for laboratory-wide data
management. Record keeping within the VOC Department includes information specific to
analysts and instrumentation, such as Department methodology, Standard Operating Procedures,
Precision and Accuracy studies, MDL studies, calibrations, and instrument and sequence
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logbooks. The MDL study for each method and instrument are filed in the filing cabinet in the
VOC Manager Office, as are the Precision and Accuracy records performed by each analyst.
Additionally, all calibration curves and BFB tunes are printed and filed according to instrument.
Completed logbooks for instrument sequences, sample extractions, and standard preparations are
labeled with beginning and end date and instrument and filed with the Quality Assurance Officer
in chronological order.

XVIII. QUALITY CONTROL AND QUALITY ASSURANCE

A. On a daily basis the instruments are cleaned appropriately as described in Cleaning
Protocols, Section VI.C.

B. A System Blank and three quality control samples, Continuing Calibration Verification
(CCV), Laboratory Control Sample (LCS), and Laboratory Control Sample Duplicate
(LCSD) are analyzed previous to analyzing any samples to ensure that the system is
contamination free and to verify that the Continuing Calibration is acceptable. This is
done in compliance with the most stringent applicable method QA/QC requirements.

1. The CCV, LCS, and LCSD are required to be analyzed every batch 20 samples or
every 12 hours, whichever occurs first.

2. Preparation of these standards is described in Section X.B.

3. Criteria for the CCV as set forth in Section 7.3.5 and Section 7.3.6 of EPA 8260B is
as follows. The CCV is evaluated in a two step process; meeting the minimum
response factors for the five system performance check compounds (SPCC) and
maintaining an adequate relative standard deviation of the response factors for six
continuing calibration compounds (CCC). This is outlined below in QC Table 1.

4. Acceptable recovery criteria for the LCS and LCSD must be between 70% to 130%
for all target compounds, in addition to an RPD < 25%. Results of every LCS and
LCSD are entered into the LIMS for each batch and reviewed by the Quality Control
Department.

C. Corrective actions must be applied if the internal standard area changes by a factor of two
(-50% to + 100%) from the initial calibration.

D. Additional and complete QA/QC requirements and performance standards can be found
at the conclusion of this SOP as Appendix G. Please refer to the Comprehensive Quality
Control Manual for specifics on the charting and recording of daily quality control
results.
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QC Table 1.
Meeting CCC and SPCC Criteria at a Glance

Compound
1,1-Dichloroethene
Chloroform
1 ,2-Dichloropropane
Toluene
Ethylbenzene
Vinyl chloride

CCC
Maximum %RSD

20%
20%
20%
20%
20%
20%

Compound
Chloromethane
1 , 1 -Dichloroethane
Bromoform
Chlorobenzene
1 , 1 ,2,2-Tetrachloroethane

SPCC
Minimum Response

0.10
0.10
0.10
0.30
0.30

E. It is the responsibility of the department manager or assistant to assess daily QC
standards and method blanks. If QC measurements are not within acceptable ranges, the
analyst must flag the data and notify the department manager. The data must be run with
an acceptable set of quality control standards if flagged compounds were detected in
samples that were analyzed on that particular instrument. In the case of out-of-control
situations the department manager must notify the QA department. The situation must be
documented in the run logbook and also documented by the QA Officer in the QA
logbook. The department manager then will recommend and initiate corrective action for
that specific situation. The corrective action will also be documented in the run logbook
and the QA logbook. Below is a general troubleshooting guide for unacceptable results:

1. System blank fails (any method analytes are above MDL)

a) Clean tube, bake trap and column, rerun blank

b) Check DI water for contamination

c) Check IS/S for contamination

2. QC check fails (method analytes fall outside of acceptable recoveries)

a) Check area of Internal Standards

b) Rerun Quality Control samples (CCV, LCS, LCSD)

c) Prepare fresh Quality Control samples (CCV, LCS, LCSD)

d) Calibrate instrument
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F. Daily quality control checks, other than running the system blank, CCV, LCS, and LCSD

1. One matrix spike sample is analyzed for every sample batch.

2. One duplicate matrix spike sample is analyzed for every sample batch.

3. BFB tune checked first in every batch daily.

4. Trip and Field blanks are submitted at the discretion of the client.

Please refer to Section XIV for troubleshooting and Section XV for information
regarding unacceptable data results and sample reruns and duplicates. In instances where
analyst error occurs, a Corrective Action Report (CAR) documenting the problem is
submitted by the Quality Assurance Department. A response from the department
manager indicating corrective actions is returned to the QA Department.

Tune Criteria.

The following are criteria for the mass spec tune and the BFB tune. The mass
spectrometer is tuned by acquiring at least 15 scans of FC43 calibration gas and using a
scan range of 50-650 AMU with a scan time of 2 seconds. The ion ratios must be within
the ranges in table 1. Additionally, EPA protocol for VOC analysis requires that the
mass spectrometer be tuned to meet specific relative ion abundance criteria for 4-
Bromofluorobenzene. This criteria is listed in table 2.

TABLE 1. FC-43 Tune Criteria

Mass (m/z)

69
70
131
132
264
265
502
503

Relative ratio

100% (base peak)
1-3% of mass 69
20-50% of mass 69
3-6% of mass 131
20-50% of mass 131
6- 12% of mass 264
20-50% of mass 264
10-20% of mass 502

TABLE 2. BFB Tuning Criteria

Mass (m/z)

50
75
95
96
173

Relative Abundance % for 8260

15 -40% of mass 95
30-80% of mass 95
100% (BASE PEAK)
5 -9% of mass 95
<2%ofmass 174
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TABLE 2. BFB Tuning Criteria

174
175
176
177

>50%ofmass95
5-9% of mass 174
>95%but<101%ofmass 174
5-9% of mass 176

XIX. METHOD PERFORMANCE

Method performance is expressed through Method Detection Limits performed during initial
demonstration of capability and yearly Precision and Accuracy Studies. Typically all MDL
studies achieve a PQL of 1.0 ppb or less for most target compounds (see Table II under Section
I. "Method Scope and Applicability"). Precision and Accuracy Studies typically achieve an
average percent recovery between 90-110% and an average standard deviation below 5%. A
typical Precision and Accuracy Study is listed below

Dichlorodifluoromethane
Chloromethane
Vinyl Chloride
Bromomethane
Chloroethane
Trichlorofluoromethane
Acetone
1,1-Dichloroethene
Tert-butyl alcohol
Acrylonitrile
Carbon Disulfide
Methylene Chloride
Methyl-tert-butyl ether
trans- 1 ,2-Dichloroethene
1 , 1 -Dichloroethane
Di-isopropyl ether
2-Butanone (MEK)
Ethyl tert-butyl ether
2,2-Dichloropropane
cis- 1 ,2-Dichloroethene
Bromochloromethane
Chloroform
Tetrahydrofuran
1,1,1 -Trichloroethane

20.08
18.53
20.72
17.64
19.25
19.34
11.72
19.07
158.7
18.9

19.26
18.55
17.94
18.99
19.28
18.67
17.25
19.73
20.32
19.11
20.04
20.56
17.34
20.73

21.51
19.86
22.34
18.31
19.89
20.91
19.28
20.09
163.8
20.93
20.41
20.06
18.58
20.23
20.52
19.99
19.33
18.83
15.61
20.56
20.11
20.79
18.33
19.91

20.46
18.73
20.6
18.06
19.59
20.05
21.78
19.28
156.4
21.11
19.45
19.24
18.66
19.29
19.79
19.39
19.21
18.71
15.1
19.84
19.92
19.92
19.03
19.37

17.33
16.63
19.76
16.57
18.38
19.74
12.46
19.55
157.7
19.52
19.88
19.36
19.51
20.23
20.69
20.49
18.1

19.93
20.67
21.08
21.37
21.45
17.19
20.85

20
20
20
20
20
20
20
20

200
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

19.85
18.44
20.86
17.65
19.28
20.01
16.31
19.50

159.14
20.12
19.75
19.30
18.67
19.69
20.07
19.63
18.47
19.30
17.93
20.15
20.36
20.68
17.97
20.22

1.78
1.34
1.08
0.77
0.65
0.67
4.99
0.44
3.23
1.08
0.51
0.62
0.64
0.64
0.66
0.78
0.99
0.62
2.98
0.86
0.68
0.63
0.87
0.70

99
92
104
88
96
100
82
97
80
101
99
97
93
98
100
98
92
97
90
101
102
103
90
101

1.782
1.340
1.078
0.768
0.653
0.667
4.988
0.441
3.230
1.078
0.511
0.618
0.645
0.641
0.656
0.785
0.985
0.619
2.978
0.859
0.678
0.632
0.868
0.701
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Carbon tetrachloride
Tert-amyl methyl ether
1 , 1 -Dichloropropene
Benzene
1 ,2-Dichloroethane
Trichloroethene (TCE)
1 ,2-Dichloropropane
Dibromomethane
Bromodichloromethane
4-Methyl-2-pentanone (MIBK)
cis- 1 ,3-Dichloropropene
Toluene
trans- 1 ,3-Dichloropropene
1 , 1 ,2-Trichloroethane
2-Hexanone (MBK)
Tetrachloroethene (PCE)
1 ,3-Dichloropropane
Dibromochloromethane
1 ,2-Dibromomethane (EDB)
Chlorobenzene
1,1,1 ,2-Tetrachloroethane
Ethylbenzene
m,p-Xylenes
o-Xylene
Styrene
Bromoform
Isopropylbenzene
Bromobenzene
1 , 1 ,2,2-Tetrachloroethane
1 ,2,3-Trichloropropane
n-Propylbenzene
2-Chlorotoluene
4-Chlorotoluene
1 ,3,5-Trimethylbenzene
tert-Butylbenzene
1 ,2,4-Trimethylbenzene
sec-Butylbenzene
1 ,3-Dichlorobenzene
4-lsopropyltoluene
1 ,4-Dichlorobenzene
1 ,2-Dichlorobenzene
n-Butylbenzene
1 ,2-Dibromo-3-chloropropane

20.8
21.83
21.36
20.58
20.84
20.77
20.75
20.31
20.84
18.53
19.89
19.24
19.54
19.56
18.16
18.05
19.31
19.11
19.08
19.3

19.27
19.57
39.73
19.69
19.89
18.51
19.82
19.39
18.93
18.96
20.09
19.31
19.72
19.76
19.88
19.83
19.93
19.22
23.02
22.54
22.61
23.44
21.59

24.91
18.37
20.31
19.97
20.7

20.32
20.88
20.71
21.1
20.18
19.56
20.19
19.81
21.23
20.44
19.26
21.04
21.5
20.79
20.54
21.24
20.78
41.98
20.76
20.88
20.71
20.7

20.52
21.34
20.91
20.8

20.83
20.79
20.65
20.79
20.69
20.92
20.12
22.13
21.34

22
21.76
20.93

23.83
17.77
19.64
19.26
20.4
19.57
20.31
20.59
20.59
19.76
19.13
19.66
19.4

20.61
20.11
18.35
20.65
20.78
20.58
19.72
20.3
20.07
40.4
20.07
20.36
20.73
20.25
20.14
21.39
21.29
19.95
20.54
20.19
20.27
20.31
20.15
20.34
19.73

21
20.8

21.58
20.68
21.26

20.5
20.41
20.62
19.83
20.42
20.83
21.34
20.62
20.88
18.92
20.98
20.03
21.27
21.16
18.84
19.83
21.11
21.64
21.14
19.11
21.18
18.87
38.51
19.5

19.24
18.61
19.37
19.2
18.89
18.64
19.06
19.14
19.21
19.16
19.36
19.3

19.53
19.2

22.85
22.14
22.43
22.49
21.01

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
40
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

22.51
19.60
20.48
19.91
20.59
20.37
20.82
20.56
20.85
19.35
19.89
19.78
20.01
20.64
19.39
18.87
20.53
20.76
20.40
19.67
20.50
19.82
40.16
20.01
20.09
19.64
20.04
19.81
20.14
19.95
19.98
19.96
19.98
19.96
20.09
19.99
20.18
19.57
22.25
21.71
22.16
22.09
21.20

2.20
1.87
0.71
0.54
0.22
0.58
0.42
0.17
0.21
0.76
0.79
0.42
0.86
0.77
1.07
0.82
0.84
1.16
0.91
0.64
0.92
0.81
1.45
0.56
0.70
1.25
0.57
0.62
1.42
1.34
0.71
0.85
0.67
0.65
0.61
0.58
0.59
0.44
0.92
0.78
0.46
1.17
0.30

113
98
102
100
103
102
104
103
104
97
99
99
100
103
97
94
103
104
102
98
102
99
100
100
100
98
100
99
101
100
100
100
100
100
100
100
101
98
111
109
111
110
106

2.196
1.870
0.714
0.542
0.216
0.581
0.424
0.173
0.209
0.756
0.790
0.423
0.860
0.772
1.070
0.820
0.837
1.161
0.908
0.635
0.924
0.806
1.447
0.556
0.697
1.248
0.571
0.622
1.418
1.343
0.715
0.854
0.673
0.646
0.610
0.582
0.594
0.443
0.918
0.783
0.461
1.166
0.297
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1 ,2,4-Trichlorobenzene
Hexachlorobutadiene
Naphthalene
1 ,2,3-Tricholorbenzene

21.93
22.56
20.89
21.39

20.56
20.51
20.8

20.88

20.24
20.03
21.12
21.04

21.74
22.88
21.2

21.29

20
20
20
20

21.12
21.50
21.00
21.15

0.84
1.43
0.19
0.23

106
107
105
106

0.842
1.434
0.188
0.233

XX. POLLUTION PREVENTION

Spectrum Analytical, Inc. strives to minimizes waste toxicity and quantity. Please refer to the
Chemical Hygiene Plan Standard Operating Procedures Section VI

v,,,

REFERENCES

EPA Method 8260 in "Measurement of purgeable organic compounds in water by capillary
column gas chromatography/mass spectrometry", EPA 8260B, revision 2, December
1996.

"Guidance for the evaluation of tentatively identified compounds (TICs) for SW-846 method
8260B under the MCP", Massachusetts Department of Environmental Protection, June 12,
2002

WSC - CAM - II A, "Quality Assurance and Quality Control Requirements for SW-846 Method
8260B, Volatile Organic Compounds by Gas Chromatography/Mass Spectrometry
(GC/MS) for the Massachusetts Contingency Plan (MCP) Revision No. 4." Donald
Muldoon, Massachusetts Department of Environmental Protection, May 28, 2004

EPA Method 5030B, " Purge-and-trap for aqueous samples", Revision 2, December 1996

EPA Method 5035A, "Closed-system purge-and-trap and extraction for volatile organics in soil
and waste samples", Draft Revision 1 , July 2002
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APPENDIX A
OPERATING CONDITIONS FOR HP#1

TABLE A. Purge and trap (Method no. 1)
Purge ready temp = 35 C
Purge time = 1 1.00 min
Dry purge time - 2.00 min
Desorb preheat = 245°C
Desorb time = 4.00 min
Desorb temp = 250°C
Sample drain - off
Bgb on delay 0.3 minutes

Bake time =13.00 min
Bake temp = 260°C
20161ine=130°C
2016valve=130°C
Line temp = 150°C
valve temp = 150°C
MCS bake temp = 300°C
MCS line temp = 40°C

TABLE B. GC method
Total run time = 29.00

Split ratio = 1.00:1
Split flow = 2.00ml/min
Inlet pressure =11.9 psi

Inlet B temp = 225°C
Detector B temp = 280°C

Temp 1 = 35°C
Temp 2 = 220°C

Time 1 = 4.00 min
Time 2 = 0.17 min

Rate 1 = 15.0°C/min
Rate 2 = 0.00°C/min

/*-
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APPENDIX B
OPERATING CONDITIONS FOR HP #2

TABLE A. Purge and trap (method no.2)
Purge ready temp = 38°C
Purge time = 1 1 .00 min
Dry purge time = 2.00 min
Desorb preheat = 245°C
Desorb time = 4.00 min
Desorb temp = 250°C
Sample drain = off
Bgb on delay 0. 16 minutes

Bake time = 8.00 min
Bake temp = 260°C
2016 line =130°C
2016valve=130°C
Line temp = 150°C
valve temp = 150°C
MCS bake temp = 300°C
MCS line temp =150°C

TABLES. GC method
Total run time = 20.80

Split ratio = 1.00:1
Split flow = 1.40ml/min

Inlet B pressure = 11.0 psi
Inlet B temp = 200 °C

Detector B temp = 250°C

Oven temp 1 = 35°C
Oven temp 2= 100°C
Oven temp 3 = 170°C
Oven temp 4 = 220°C

Time 1 = 5.0 min
Time 2= 1.00 min
Time 3= 1.00 min
Time 4 = 0.00 min

Ramp rate 1 = 10.0°C/min
Ramp rate 2 = 15.0°C/min
Ramp rate 3 = 19.0°C/min
Ramp rate 4 = 00.0°C/min
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APPENDIX C
OPERATING CONDITIONS FOR HP#3

TABLE A. Purge and trap method (no. 1)
Purge ready temp = 38°C
Purge time = 9.00 min
Dry purge time = 2.00 min
Desorb preheat = 245°C
Desorb time = 2.00 min
Desorb temp = 250°C
Sample drain = off
Bgb on delay 2.00 minutes

Bake time = 8.00 min
Bake temp = 265°C
20161ine=130°C
2016valve=130°C
Line temp = 150°C
valve temp = 150°C
MCSbaketemp = 310°C
MCS line temp = 40°C

TABLE B. GC method
Total run time = 20.32 min

Split flow = l.40ml/min
Split ratio = 1.00:1

Inlet A pressure = 11 .Opsi
Inlet A temp = 160°C
Detector B = 250 °C

v,.
Oven temp 1 = 35°C
Oven temp 2= 100°C
Oven temp 3 = 220°C

Time 1
Time 2
Time 3

= 5.0 min
= 1.00 min
= 1.50 min

Ramp rate 1 = 10.0°C/min
Ramp rate 2 = 19.0°C/min
Ramp rate 3 = 00.0°C/min
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APPENDIX D
OPERATING CONDITIONS FOR HP#4

TABLE A. Purge and trap method
Purge ready temp = 36°C
Purge time = 9.00 min
Dry purge time = 2.00 min
Desorb preheat = 245°C
Desorb time = 4.00 min
Desorb temp = 250°C
Sample drain = off
Bgb off

Bake time = 10.00 min
Bake temp = 266°C
3000 line =152°C
3000 valve =152°C
Line temp = N/A
Valve temp = N/A
MCSbaketemp = 310°C
MCS line temp = 41°C

TABLE B. GC method
Total run time =16.50 min

Split ratio = 30.4:1
Split flow = 20.9ml/min
Inlet pressure = 13.86psi

Inlet temp = 150°C
Detector = 230°C

Oven temp 1 = 35°C
"_ _ " " _ r\
VX T W±± l.VJ.J.Al-' J. —' fc/ \~s

Oven temp 2 = 220UC
Time 1 = 4.0 min Ramp rate 1 = 15.000C/min
Time 2 = 0.17 min Ramp rate 2 = O.OOuC/min
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APPENDIX E
OPERATING CONDITIONS FOR HP#5

TABLE A. Purge and trap method (no. 1)
Purge ready temp = 38 C
Purge time = 9.00 min
Dry purge time = 2.00 min
Desorb preheat = 245°C
Desorb time = 2.00 min
Desorb temp = 250°C
Sample drain = off
Bgb on delay 2.00 minutes

Bake time = 8.00 min
Bake temp = 265°C
2016 line = 130°C
2016valve=130°C
Line temp = 150°C
Valve temp =150°C
MCS bake temp = 300°C
MCS line temp =150°C

TABLES. GC method
Total run time = 16.50 min

Split ratio = 30.4:1
Split now = 20.9ml/min
Inlet pressure = 13.86psi

Inlet temp = 150°C
Detector = 230°C

Oven temp 1 = 35°C
Oven temp 2 = 220°C

Time 1 = 4.0 min
Time 2 = 0.17 min

Ramp rate 1 = 15.00°C/min
Ramp rate 2 = 0.00°C/min
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APPENDIX F
OPERATING CONDITIONS FOR HP#6

TABLE A. Purge and trap method
Purge ready temp = 36°C
Purge time = 9.00 min
Dry purge time = 2.00 min
Desorb preheat = 245°C
Desorb time = 4.00 min
Desorb temp = 250°C
Sample drain = off
Bgb off

Bake time = 10.00 min
Bake temp = 266°C
Velocity line = 152°C
Velocity valve = 152°C
Line temp = N/A
Valve temp = N/A
MCSbaketemp = 310°C
MCS line temp = 41°C

TABLE B. GC method
Total run time = 16.50 min

Split ratio = 30.4:1
Split flow = 20.9ml/min
Inlet pressure = 13.86psi

Inlet temp = 220°C
Detector = 280°C

Oven temp 1 = 35UC
Oven temp 2 = 220°C

Time 1 = 4.0 min Ramp rate 1 = 15.000C/min
Time 2 = 0.17 min Ramp rate 2 = 0.00 C/min
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I. SCOPE AND APPLICATION

A. This method describes the measurement of the collective concentrations of the total
extractable petroleum hydrocarbon (ETPH) in various matrices Solids (Soil, Concrete
etc.), sludge and water using methylene chloride (CH2CL2) as a solvent extraction.

This method introduces a wide range of aliphatic hydrocarbon and aromatic
hydrocarbons from C9-C36 that corresponds to a boiling point range between 150C to
500C.

B. This method utilizes a solvent extraction technique (C^Cb) followed by a silica gel
clean-up procedure, under special circumstances, and gas chromatography (GC)
instrumentation equipped with a flame-ionization detector (FID). A gas chromatography /
mass spectrometer (GC/MS) technique could be used when a confirmation analysis is
needed. Therefore, an experienced analyst must perform this method according to the
stated procedure.

C. This method is developed to measure the concentration of various petroleum hydrocarbon
distillates from Gasoline to Waste Oil ranges. The following Petroleum products may be
determined by using this method:

1. Diesel fuel
2. #2 Fuel Oil
3. #4 Fuel Oil
4. #6 Fuel Oil
5. Crude Oil
6. Lubricating Oil
7. Motor Oil and Waste Oil
8. Other Oil such as Hydraulic Oil, Cutting Oil...

D. This method also covers the determination of certain weathered petroleum hydrocarbons
that have undergone a chemical or physical changes such as oxidation or bacterial
degradation.

E. The Practical Quantitation Limits (PQL) for the ETPH method are listed below.

Table 1
PQL

CT-ETPH
Matrix

Soil
Water

Fraction
C9-C36 Aliphatics
C9-C36 Aliphatics

PQL
10 mg/Kg
0.1 mg/L

C
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II. SUMMARY OF METHOD

The Extractable Total Petroleum Hydrocarbon method (CT-ETPH), utilize a methylene chloride
extraction technique as defined in the extraction section of various semi-volatile organic analysis
such as SW846 8270 method.

The ETPH extract is concentrated to a Vf=2mL and split and stored into two 2mL autosampler
vials with ImL extract in each. luL is injected into a gas chromatography (GC) instrument
equipped with a flame ionization detector (FID) followed by data processing, quality
interpretation and reporting. A GCMS confirmation or sample reanalysis may be performed
using the second ImL stored extract.

Listed below are the specific GC analysis and interpretations.

A. The Total Extractable Petroleum Hydrocarbon (CT-ETPH) range from C9 to C36 carbon
fractions is measured as total collected area using an internal standard procedure and C9-
C36 Aliphatic calibration standards followed by a petroleum hydrocarbon identification
for various distillates.

Table 2
Aliphatic Hydrocarbon Standards (CT-ETPH)

Carbon Number

9

10
12

14

16
18

Compound

n-nonane

n-decane

n-Dodecane

n-Tetradecane

n-Hexadecane

n-Octadecane

Retention Time (Min.)1

3.294

4.799

7.176

9.115

10.804

12.32

1-Chloro-octadecane (COD Surrogate) 14.338

19

20

22

24

26

28

30

36

n-Nonadecane

n-Eicosane

n-Docosane

n-Tetracosane

n-Hexacosane

n-Octacosane

n-Triacontane

n-Hexatricontane

13.024

13.696

14.950

16.104

17.170

18.192

19.238

28.019
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D. The list of technical definitions as described in this method are defined in Appendix I.

III. INTERFERENCES

A. Methylene chloride is the major source of possible contamination when analyzing
samples with this method due to its use in the extraction procedure for semi-volatile
organics. To minimize this possibility, all preparations of samples and standards will be
done in the extraction room hood.

B. Method interferences may also be caused by contaminants in other reagents and
glassware (i.e., Turbo-Vap apparatus). To prevent cross contamination of samples, all
these materials must be routinely and thoroughly cleaned before each use.

C. Carryover is the result of running a sample that contains high levels of heavy petroleum
distillates. The interference is the lingering contaminants of a heavily contaminated
sample that do not burn off in the normal run time and are present in the following run.
To avoid problems due to carryover, analysts must dilute samples that may be heavily
contaminated and run solvent blanks after high level samples.

D. Matrix interference by co-extracted materials such as plant matter, animal fats, waxes and
phthalate ester can pose a major problem in TPH determination when using the flame
ionization detector. An exhaustive clean up of reagents and glassware may be required to
eliminate background phthalate contamination.

IV. APPARATUS AND MATERIAL

1. Perkin-Elmer Flame Ionization Detector (FID)

2 Hewlett Packard Model 5890 Series II

3. Hewlett Packard 5971 A/5972 Mass Selective Detector (MSD)

4. Perkin-Elmer Model 8500 and Autosystem Gas Chromatography

5. PE column: J&W Scientific DB-5MS, 30M, 0.53megabore, l.Sum

6. HP column: J&W Scientific HP-IMS, 30M, 0.25norrowbore, 0.25um

7. Laboratory Oven (Blue M)

8. Centrifuge (variable speed lab grade)
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9. Analytical Balance Capable of Accurately Weighing 0.0001 g (Mettler AE 200)

10. PTFE Separately Funnel = 2000 ml with Teflon

11. Volumetric Flasks: ImL, 2mL, lOmL, 25mL, 50mL, lOOmL, 200mL, lOOOmL

12. Vials = 2mL, Teflon-Lined Screw Cap and PTFE Rubber-Lined Crimp Top 20mL

13. PTFE Solvent Wash Bottle

14. Disposable Borosilicate Glass Pasteur Pipettes

15. 1 OOmL Graduated Cylinder

16. 5mL Syringe

17. Microsyringe: 10 uL, 100 uL, 250 uL, 500 uL, 1000 uL

18. Muffled Metal Spatula

19. Whatman Ashless Filter Paper and Fisher Q5 Filter Paper

20. Crimper and Decrimper for 2 ml Vials

21. Glass Filter Funnel

22. PTFE Stirring Rod with Magnetic End

23. "Glass-Col" 3-D Shaker

24. Ultrasonic Dismembrator

25. TurboVap Concentrator - Zymark Corporation

26. Water Bath Sonicator

27. Drying Oven
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V. REAGENTS AND STANDARDS

A. Methylene chloride (Cr^Ch) - GC resolve

B. Hexane - pesticide quality or equivalent

C. Sodium sulfate: granular, anhydrous and purify by heating at 400C for four hours.

D. Reagent water: deionized water (ASTM Type I).

E. Silica Gel prepared by lab and activated at 160C for 16 hours and heated to 150C for four
hours before use.

F. Alconox cleaning agent.

G. The following standard is used for the ETPH calibration, LCS, and LOW MDL:

1 . Aliphatic Hydrocarbons Standards
Vendor: Ultra Scientific
Calibration: lOOOug/mL

H. The following pure products are used to create a reference library for the ETPH method:

Gasoline, Jet Fuel, #2 Fuel Oil, #6 Fuel Oil and Motor Oil Products.

I. Internal Standard and Surrogates

5-a-Androstane -NSI in
Chlorooctadecane (COD) - NSI in CH2C12

J. Nitrogen - Vendor: Merriam Graves

VI. HEALTH AND SAFETY

To maintain the application of Occupational Safety and Health Administration (OSHA)
regulations regarding the safe handling of the chemicals specified in this method, the laboratory
must follow proper safety procedures:
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A. All chemical solvents should be transported on a cart when moved from room to room.

B. All analytical operations, such as extraction and preparation of standard solutions, must
be performed in the extraction room fume hoods.

C. Safety glasses, gloves and protective clothing must be worn when preparing standards,
extracting samples, concentrating samples, etc.

D. The analyst must wear safety glasses and take extra care when opening the gas cylinders
or checking for leaks in the gas lines. (See Spectrum's chemical hygiene plan on using
compressed gas cylinders.)

E. The analyst must dispose of all unwanted chemicals and acids in properly marked
containers inside the fume hood and store the containers in the specified chemical
cabinets. (See Spectrum's waste disposal plan.)

F. All gas lines are a direct line from the gas storage area to the laboratory.

VII. SAMPLE COLLECTION, PRESERVATION AND HANDLING

The following details Spectrum's policy regarding collection, preservation and handling of all
samples that are submitted for ETPH analysis. These guidelines are in accordance with
Connecticut DPH Methods for the Determination of Extractable Total Petroleum Hydrocarbons.

A. Sample Collection, Preservation and Handling for CT- ETPH

1. All samples must be cooled to 4C immediately after collection.

2. A Chain of Custody must accompany all samples that are submitted for analysis
documenting the time and date of sampling and any addition of preservative.

3. A summary of sample collection, preservation and holding times is provided in
Table 4.

B. Aqueous Samples

1. Aqueous samples are preserved with HC1 and collected in 1L amber glass bottles
with Teflon-lined screw caps.

2. Aqueous samples must be extracted within 7 days of collection, and analyzed
within 40 days of extraction.
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C.

V,.

Soil Samples

1.

2.

Soil and sediment samples are collected in 4 oz. amber glass jars with Teflon-
lined screw caps.

Soil and sediment samples must be extracted within 14 days and analyzed within
40 days of extraction.

Table 3
Holding Times and Preservation for CT-ETPH

MATRIX

Aqueous Samples

Soil/Sediment Samples

CONTAINER

1L amber glass bottle
with Teflon-lined screw
cap

4-oz. (120mL)wide
mouth amber glass jar
with Teflon-lined screw
cap.

PRESERVATION
Add 5 mL of 1:1
HC1;

Cool to 4C

Cool to 4C

HOLDING TIME
Samples must be
extracted within 7 days
and analyzed within 40
days
Samples must be
extracted within 14 days
(CT-ETPH) and analyzed
within 40 days

VIII. PROCEDURES

Both water and soil samples are extracted using Ct^C^ as a solvent. A separatory funnel
extraction technique as defined in SW-846 Method 35 IOC is applicable when extracting water
samples. For soil or sediment samples SW846 3550B-Sonication application is used. The TPH
Department of Spectrum Analytical has demonstrated an acceptable quality performance for all
petroleum hydrocarbons analysis using the sonication technique.

A. Water Extraction 35 1 OC

1 . ETPH aqueous samples are preserved with 1 : 1 HC1 to pH<2. The pH must be
adjusted to 7 before continuing with the extraction.

2. Check all information on the sample label to its routing sheet (i.e.: sample #,
sample ID, client, site location, collection date, etc.)

3. Takea40mLVOA homogenized sample to save as back up.

4. Mark the meniscus on the sample container. (This will be the initial volume, Vj.)
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5. Spike 2mL of prepared 25ppm COD/OTP surrogate stock solution into the
sample.

6. Transfer the sample with surrogate into a 2L separately funnel.

7. Add 60mL Cf^C^ to the sample container, rinse the entire surface,
and transfer the solvent to the separately funnel.

8. Seal and shake the separately funnel vigorously for 2 minutes, venting to release
pressure.

9. If hand shaking the sample, return the separately funnel to a stand and allow the
water and CH2C12 layers to separate. If using a "glass-col" 3-D shaker, once
shaker stops, close stopcock and invert the separatory funnel, then loosen cap to
release pressure. Allow water and Ct^Ch layers to separate for at least ten
minutes.

10. Slowly drain the Ct^Cb layer through a glass funnel containing filter paper and
approximately 5g sodium sulfate into a 250mL volumetric flask. Use a PFTE
stirring rod to induce separation if necessary.

1 1 . Repeat the extraction steps #7- 1 0 two more times and rinse the filtered funnel
thoroughly with CH2C12.

12. Remove the filter paper and rinse the glass funnel again.

13. Fill the original sample container with tap water to the initial volume line
previously marked. Pour the tap water into a 1000 ml graduated cylinder and
record the initial volume on the routing sheet.

SW846-3535 Solid-Phase Extraction (SPE)

ETPH aqueous samples are preserved with 1:1 HC1 to pH<2. The pH must be adjusted to
7 before continuing with the extraction.

1 Disk Preparation

Insert a 47mm Disk into the extraction apparatus. Pour 5mL of a 1:1
mixture of Acetone/CH2C12 by adding the solvent to the disk, draw about
haft through the disk, allowing it to soak the disk for one minute, draw the
remaining solvent through the disk under vacuum (15%Hg/50kPa).
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2 Disk Conditioning

Pour 5mL of methanol (CH3OH) onto the disk. Immediately, using a low
vacuum, draw the solvent through the disk until the meniscus almost
reaches the surface of the disk. DO NOT allow the disk surface to have
any contact with AIR. Immediately pour 5mL of DI water onto the disk
and draw the water through the disk, using the low vacuum, until the
surface of the water is almost at the surface of the disk.

3 Sample Addition

Add 5mL of CH3OH to each liter of sample and mix sample well. Add
sample to the sample reservoir, turning the vacuum on low, draw 75-
lOOmL/min through the extraction disk. The disk surface must NOT be
exposed to AIR until the entire sample has been drawn through the disk.
Allow disk to dry under vacuum for 10 min.

4 Analyte Elution

Add 5ml of Acetone to the sample container and rinse well. Allow
Acetone to settle at the bottom of the bottle before transferring to
extraction disk. Attach a 40mL collection vial to the bottom of extraction
apparatus before eluting solvent through disk. Begin drawing Acetone
through the disk, with a low vacuum, and collect the elutant. Repeat this
step using 5ml of CH2C12. This sample container-rinsing step will be
repeated two more times using 3ml of a 1:1 mixture of ethyl acetate and
CH2C12. Filter 1 : 1 combined elutant of Acetone and CH2C12 through 5-
7 grams of anhydrous sodium sulfate and collect. Rinse sodium sulfate
with two 5mL portions of a 1:1 mixture of ethyl acetate and CH2C12 and
collect in concentrator tubes.

B. Extraction of Soil Samples

In general, refer to SW846 Method 3550B for guidance on the extraction procedure of
the soil sample.

A confirmation extraction can be performed to confirm the presence or absence of
contamination in low level soil samples. The level of suspected contamination
determines which extraction procedure is used.

SONICATION EXTRACTION 3550B:

1 . Using a muffled metal spatula, remove the top layer of sample and discard. Mix
the remaining sample well inside its own container.
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2. Weigh approximately 30g of sample into a 150ml beaker. Add approximately 5g
sodium sulfate powder to the beaker, mix well and let dry at room temperature.

3. Add 70mL CH2C12 and 2 mL previously prepared COD/OTP surrogate
stock solution to the beaker. Proceed to sonicate with the ultra dismembrator
sonicator for the programmed time of 4 minutes.

4. Repeat this step two more times for a total of three sonications.

5. Slowly drain the CH2Cl2 through a glass funnel containing filter paper and
approximately 5g sodium sulfate into a 150-mL volumetric flask. Rinse the soil
and beaker with Cf^Ch and filter as stated above.

6. Rinse the filter paper and then the glass funnel with

7. See Section C - Concentration Procedure - TPH Turbo Vap Section.

Accelerated Solvent Extraction (ASE ) 3545:

1 . Using a muffled metal spatula, remove the top layer of the sample and discard.
'v ,

2. Mix the remaining sample well inside it own container.

3. Weigh approximately 15g into a, 250ml, glass beaker. Add about approximately
5g of Hydro matrix powder to the glass beaker, mix well and let dry at room
temperature for 5 minutes.

Transfer contents of the beaker into the extraction cell. Add 2mL COD/OTP
surrogate solution, Cover it tightly and Place the cell on Accelerated Solvent
Extraction auto-sampler (ASE)

Extraction Conditions:

Oven Temperature: 100C
Pressure: 2000PSI
Static Time: 5Min
Flush Volume: 60% cell volume
Nitrogen Purge: 2000PSI
Static Cycle: 5 Min
Heat Cycle: 5Min

4. Set up schedule with the appropriate method for each sample being run. Turn the
,.~, rinse command on for each sample and save the schedule.

S^ -̂
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5. Check all pressure gauges for appropriate pressure and adjust as needed.

Solvent Bottle: lOpsi
System Air 55psi
Oven Compression: 130psi

6. Fill solvent Bottle with appropriate solvent, and empty all rinse vials before
running the schedule.

7. Put cells on the top carrousel and 60ml voa vials in the lower carrousel to
correspond with each sample.

8. After samples have finished running add 5g of sodium sulfate to absorb any water
in the 60ml voa vial.

9. Empty all cells and rinse cell body and caps thoroughly with Methylene Chloride.
Every fifty runs change O rings and seals in cell caps.

RE-EXTRACTION OF SOIL FOR CONFIRMATION

Soil samples are subject to a confirmation extraction when the processing analyst
observes conflicting data versus the comments regarding the sample. For example,
samples that are re-extracted usually have a strong gasoline odor but exhibit only low
levels of gasoline contamination. Because the components of gasoline are so volatile,
some components are lost during the normal extraction procedure, particularly the drying
and concentration of the sample. Therefore, samples containing a low level of
contamination are prone to a confirmation extraction. This additional extraction is
another quality control and assurance measure Spectrum chooses to perform, despite
having to delay the rurn-around-time, to ensure accurate results.

1. Mix the sample well inside its own container with a muffled metal spatula.

2. Weigh about 10 g of sample into a 20 mL glass vial.

3. Add 10 ml of methanol, cover tightly and gently mix for 2 minutes.

4. Pipet ImL of the extract into a 2 mL auto-sampler vial and cap. Place the vial in
the GC auto-sampler and proceed with the gas chromatography technique to
analyze.
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V.

C. TurboVap II Concentration Procedure

General Guidelines for CT-ETPH

1. The shorter the concentration time, the better the recovery (180mL CFbCb should
take 20-24 minutes).

2. Keep the nitrogen pressure as high as you can without splashing, around 20PSI,
increasing the pressure as the volume decreases.

3. The nitrogen is creating a patented vortex shearing along the sides of the
TurboVap II tube. This facilitates the rinsing as the sample concentrates, which
results in better recovery of analytes. Therefore, if you start your pressure at 10
PSI with 180mL, and keep it at 10 PSI when the volume is at 50mL, 10 PSI is not
enough pressure to rinse the tube when the level of the solvent is further away
from the nitrogen nozzle.

4. Bath temperature for CH2C12 should be 45-50C.

5. Nitrogen pressure should be between 10-20 PSI for 200mL tubes.

\^ 6. Avoid splashing - pressure may be too high when sample tube is full.

7. If there is water in the extract due to extremely humid conditions in the
laboratory, using a higher bath temperature may remedy this problem. Try
increasing the temperature 2C at a time.

8. Solvent exchange can be done directly in the Turbo Vap II tube. After the initial
solvent has been concentrated, add your aliquot(s) of exchange solvent by rinsing
down the walls of the TurboVap II tube. Temperature may be increased at this
time and concentration continued.

9. Prolong the life of the sensors by keeping the water bath clean (use Clear Bath
and replace water periodically).

Removing the Final Extract from the TurboVap II Tube

Because the TurboVap II is graduated at the lOmL, 5mL, ImL and O.SmL (with a 5%
tolerance), a traditional quantitative transfer is not required. The sample can be brought
to a final volume of ImL in the TurboVap II tube and then the extract can be transferred
to the appropriate autosampler vial (or other container if cleanup is required). However,
if your laboratory's methods require a quantitative transfer to follow current SOP's,
please still follow the below recommended guidelines.
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1. Concentrate your extract following the "Recommended Operating Guidelines".

2. Whether you selected TIMED or SENSOR endpoint, remove the sample from the
water bath at the sound of the beep. If using the timed endpoint a soil extract
should take about 14min. and a water extract 22min.

3. Hold the TurboVap II tube within the line of sight.

4. Using a 9" disposable pipette, transfer the concentrated extract to a 2mL
volumetric flask. Bring the concentrate to a fv of 2mL by rinsing the TurboVap II
tube with the solvent and repeating the transfer technique.

5. Split the 2mL sample into 2 vials each containing ImL. One vial will be run on
the GC the other will be saved for 40 days.

The silica gel cleanup and ETPH silica gal clean up explained below.

D. Silica Gel Cleanup Procedure:

Spectrum has shown that petroleum hydrocarbons or hydrocarbon groups can not be
removed by the silica gel cleanup defined in the CT-ETPH method. Therefore, this
procedure will only be applied if naturally occurring hydrocarbons are suspected. See
Attachment II.

1. The concentrated 1 ml vial is brought back up to a volume of 50ml.

2. 5g of silica gel is added to the sample.

3. The solution is placed on a magnetic stirrer for 5 minutes.

4. The solution is then re-concentrated to 1ml and rerun for confirmation.

c
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IX. QUALITY CONTROL

Spectrum Analytical, Inc. adheres to a strict quality assurance and quality control plan to assure
accurate and precise results. The following quality control steps are specific to this method.
Each analyst must comply to these steps to ensure the quality of results.

A. CT-ETPH

1. Clean Up Blank

2. System Blank

3. QC 10ppm#2FuelOil

4. lOOppb CCC Aliphatic (every 20 samples)

5. SOppb solvent blank (every 20 samples per matrix)

6. lOOppb Aliphatic LCS (every 20 samples per matrix)

7. lOOppbAliphMS

8. lOOppb AliphMSD

9. Duplicate (every 20 samples per matrix)

10. 5ppb Aliphatic Low MDL Check

B. ETPH Aromatics Confirmation (GCMS Technique)

1. Clean-up Blank

2. Solvent Blank

3. DFTPP every 12 hours

4. Lab Solvent Extract Blank (LCB)

5. Lab Control Spike (LCS)

6. Continuing Calibration Check (CCC)

7. Low MDL Check (LMDL)
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X. TPH/EPH CALIBRATION AND CALCULATION

A. CT-ETPH Calibration

1. Aliphatics Calibration (GC FID)

Five calibration standards must be prepared to construct a calibration curve. The
concentration range of these standards must bracket the linear working range of
the instrument for all method analytes. On a routine basis, calibration standards
will be made at 20, 50, 100, 150, 200 ug/L (Aliphatic Hydrocarbon Standard Ultra
Scientific at a concentration of 1000 ug/L).

2. Aromatics Calibration (GC/MS)

Five calibration standards must be prepared to construct a calibration curve. The
concentration range of these standards must bracket the linear working range of
the instrument for all method analytes. On a routine basis, calibration standards
will be made at 20, 50, 50, 100, 150 and 200 ug/L (Aromatic Hydrocarbon
Standard Ultra Scientific at a concentration of 1000 ug/L).

B. ETPH Reference Library:

Five calibration standards must be prepared from each petroleum product to construct a
calibration curve. The concentration range of these standards must bracket the linear
working range of the instrument for all components. On a routine basis, the five-point
calibration will be prepared from the primary stock solution at the following
concentrations: 10, 20, 50, 100 and 200 mg/L.

C. GC Instrument Method Conditions

Operating Conditions for ETPH GC FID
Table 4

Temp 1 = 60° C

Time 1 = 2.5 min

Rate 1 -16.0°C/min

Det 1 (FID) = 285° C

Inj. Temp: Cap 1 = 265° C

Temp 2 = 305° C

Time 2 = 15.0 min

Rate 2 = End °/M

Carrier gas pressure 1 - 16 psi

Temp 3 - 265° C

FID 1 Az = Off

FID 1 Az = Off

C
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Column
Vendor:
Model:
Length Meters:
ID (mm)
Film (um)
Temperature Limits:

J&W Scientific
#125-5532 DB-5MS
30
0.53
1.5
From 60° C to 300° C (320C)

D. GC/MS Instrument Method Conditions

Operating Conditions for Hewlett Packard (GC/MS)
Table 5

Temp 1 = 55° C

Time 1 = l.OOMin

Ratel -15.0°C/Min

Final Temp = 3 10° C

Final Time - 3.00 Min

Injector B = 250° C

Detector Temp A not installed

Detector Temp B - 280° C

Equilibrium Time = 0.50 Min

E.

Column
Vendor:
Model:

Length Meters:
ID (mm)
Film (um)
Phase Ratio:

Corrective Actions

Hewlett Packard
HP-IMS (Crosslinked Methy Siloxane)
#190915-933
30
0.25
0.25
250

C

If the continuing calibration technical acceptance criteria are not met, it becomes
necessary to take corrective actions to achieve the acceptance criteria. Continuing
calibration technical acceptance criteria MUST be met before any samples or required
blanks are analyzed in a 12-hour continuing calibration analytical sequence. Any
samples or required blanks analyzed when continuing calibration criteria were not met
will require reanalysis. Remedial actions, which include but are not limited to the
following, must be taken when criteria are not met:

• Check and adjust GC operating conditions.
• Clean or replace injector liner.
• Flush column with solvent according to manufacturer's instructions.
• Break off a short portion (approximately 0.33 cm) of the column.
• Replace the GC column (performance of all initial calibration procedures are then

required).
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• Prepare and analyze new continuing calibration
• Prepare a new initial calibration curve.

F. Data Calculations

The method calculation used in quantifying the total petroleum hydrocarbon
concentration is based on the internal standard calibration technique along with other
criteria such as dilution factor, sample weight, sample volume and final extract volume.
However, all dilution factors, sample weights, and injected amounts are assumed to be at
a constant of one when downloading the sequence into the software. The purpose of this
is to easily monitor the detected raw concentrations of the constituents in the samples and
to ensure that those concentrations do not exceed the upper limits of the calibration
curves. Once an analysis file is generated for a sample, the analysts will manually
process the GC integration results and calculate the detectable concentration on a dry
basis.

Calculating the Response Factor (RF)

For the internal standard calibration, the RF represents the key to calculating final
concentrations of each analyte in the sample. The RF is calculated as follows by using
information taken from a known sample.

RF = (As x Cis)/(Ais x Cs)

Where: As = Response (in area) for the parameter to be measured
Ajs= Response (in area) for the internal standard
Cjs= Concentration of the internal standard
Cs = Concentration of the parameter to be measured

Calculating Parameter Concentration

Using the above calculation, the concentration of the analyte found in an actual sample
can then be calculated:

Cr (mg/L) = (As x Cis)/(Ais) (RF)

Where: As = Response for the parameter to be measured
Ajs= Response for the internal standard
Cjs= Concentration of the internal standard
Cr = the raw concentration (ppb) obtained from the computer

printout

The following equation is used to calculate the actual concentrations of constituents by
using the raw data generated by the software.

F:\data\QAQC\NELAC SOPs 2004\ETPH SOP 2003 rev. 04-05-04.doc



Revision No: 2
Date: 3/30/04
Page 20 of 26

C

C = Cr x df

Where: df= the dilution factor
d f = d x F

Where: d = dilution used when running sample and normally will be
documented in the sequence run log.
F=1000xvf

vi or wi

Where: vf = final volume of the extract (normally will be 1 or 2 mL)
vi = initial volume of the sample
wi= initial weight of the sample.

Calculating the Percent Solid of a Sample

After weighing out the sample to determine the dry weight, the percent solid of the
sample is calculated by dividing the dry weight by the wet weight. An example of the
percent solid calculation is shown below.

Ex. Wet weight =11.9530
Dish= 1.0561
Final wet weight = 10.8969

Dry weight = 9.3036
Dish =1.0561
Final dry weight = 8.2475

Dry weight 8.2475 = 76.7%
Wet weight 10.8969

A computer program, has been made to facilitate the calculation of percent solids.

1. CT-ETPH

CT-ETPH Calculation C9-C36 Aliphatic - manually obtain the total peak area
from Cg n-Nonane to the end of C36 n-Hexatricontane on the FID chromatogram
and proceed with the (Rf) quantitation as specified above. The internal standard
and the COD surrogate peak areas must be excluded from the quantification of the
aliphatic fraction.
GCMS Confirmation-Target PAH Analytes - all PAHs concentration will be
quantitated from the GC/MS chromatogram for the aromatic sample extract
following modified method SW846 8270.
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XII. DEFINITIONS

A. Aliphatic Hydrocarbon Standard is defined as a 14 component mixture of the normal
alkanes listed in Table 1 . The compounds comprising the Aliphatic Hydrocarbon
Standard are used to: (a) define and establish windows for the two aliphatic hydrocarbons
ranges; and (b) determine average chromatographic response factors that can in rum be
used to calculate the collective concentration of aliphatic hydrocarbons in environmental
samples within those hydrocarbon ranges.

B. Analytical Batch is defined as a group of field samples with similar matrices which are
processed as a unit. For Quality Control purposes, if the number of samples in such a
group is greater than 20, then each group of 20 samples or less are defined as separate
analytical batches.

C. Aromatic Hydrocarbon Standard is defined as a 17 component mixture of the polynuclear
aromatic hydrocarbons (PAHs) listed in Table 2. The compounds comprising the
Aromatic Hydrocarbon standard are used to: (a) define the individual retention times and
chromatographic response factors for each of the PAH analyts listed in Table 2; (b)
define and establish the window for the Ci i through €22 Aromatic Hydrocarbon range;
and (c) determine an average chromatographic response factor that can in turn be used to
calculate the collective concentration of aromatic hydrocarbons in environmental samples
within the C] i through C22 hydrocarbon range.

D. Cg through Cis Aliphatic Hydrocarbons are defined as all aliphatic hydrocarbon
compounds eluting from n-nonane (n-Cg) to just before n-nonadecane (n-Cig).

E. Ci9 through C^ Aliphatic Hydrocarbons are defined as all aliphatic hydrocarbon
compounds eluting from n-nonadecane (n-Cig) through n-hexatriacontane (n-

F. C] i through €22 Aromatic Hydrocarbons are defined as all aromatic hydrocarbon
compounds eluting from naphthalene through Benzo(g,h,i) Perylene, excluding Target
PAH Analytes.

G. Calibration Check Standard is defined as a calibration standard used to periodically check
the calibration state of an instrument. The calibration check standard is prepared from
the same stock standard solution as calibration standards, and is generally one of the mid-
level range calibration standard dilutions.

H. Calibration Standards are defined as a series of standard solutions prepared from dilutions
of a stock standard solution, containing known concentrations of each analyte and
surrogate compound of interest.
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I. Diesel PAH Analytes are defined as naphthalene, 2-methylnaphthalene, phenanthrene,
and acenaphthene, and are a subset of Target PAH Analytes. For most sites contaminated
by a release of (only) diesel or #2 fuel oil, diesel PAH Analytes will be the only Target
PAH analytes of interest.

J. Extractable Petroleum Hydrocarbons (EPH) are defined as collective fractions of
hydrocarbon compounds eluting from n-nonane to n-hexatriacontane, excluding Target
PAH analytes. EPH is comprised of C? through Cig Aliphatic Hydrocarbons, Ci9 through
C36 Aliphatic Hydrocarbons, and Cn through €22 Aromatic Hydrocarbons.

K. Field Duplicates are defined as two separate samples collected at the same time and
location under identical circumstances and managed the same throughout field and
laboratory procedures. Analysis of field duplicates gives a measure of the precision
associated with sample collection, preservation and storage, as well as laboratory
procedures.

L. Fractionation Surrogate Standards are compounds that are spiked into the sample extract
immediately prior to fractionation, in order to determine if significant quantities of
naphthalene or substituted naphthalenes are being stripped into the aliphatic extract.

M. Laboratory Fortified Blank is defined as a reagent water blank or clean sand blank
I fortified with a matrix spiking solution.

N. Laboratory Duplicates are defined as split samples taken from the same sampling
container and analyzed separately with identical procedures. The analysis of laboratory
duplicates give a measure of the precision associated with laboratory procedures, but not
with sample collection, preservation, or storage procedures.

O. Laboratory Fortified Matrix (LFM) Sample is defined as an environmental sample which
has been spiked with a matrix spiking solution containing known concentrations of
method analytes. The LFM sample is treated and analyzed exactly as other samples, and
its purpose is to determine whether the sample matrix contributes bias to the analytical
results. The background concentration of analytes in the sample matrix must be
determined through the separate analysis of a laboratory or field duplicate, and the
measured values in the LFM sample corrected for background concentrations.

P. Laboratory Method Blank is defined as a aliquot of reagent water or clean sand spiked
with a surrogate standard. The laboratory method blank is treated exactly as a sample,
exposed to all glassware, solvents, reagents, and equipment. A laboratory method blank
is analyzed with every batch of samples, to determine if method analytes or other
interferences are present in the laboratory environment, reagents, or equipment.

C

Q. Matrix Spiking Solution is defined as a solution prepared independently from the
calibration standards, containing known concentrations of method analytes
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R. System Solvent Blank is defined as an aliquot of a method solvent (e.g., hexane or
methylene chloride, pesticide grade or better) that is directly injected into the GC system.
The purpose of the System Solvent Blank is to determine the level of noise and baseline
rise attributable solely to the GC system, in the absence of any other analytes or system
contaminants.

S. Surrogate Standards are compounds spiked into all samples, blanks, and matrix spikes to
monitor the efficacy of sample extraction, chromatographic, and calibration systems.

T. Target PAH analytes are defined as the 17 polynuclear aromatic hydrocarbon (PAH)
compounds listed in Table 2.

U. Total Petroleum Hydrocarbons (TPH) are defined as the collective concentration of all
hydrocarbon compounds eluting from n-nonane to n-hexatriacontane, excluding Target
PAH analytes. TPH is equivalent to the summation of CQ through Cig Aliphatic Hydro-
carbons, Ci9 through Cse Aliphatic Hydrocarbons, and Cn through C22 Aromatic
Hydrocarbons.

V. Unadjusted Ci i through C22 Aromatic Hydrocarbons are defined as all aromatic
hydrocarbon compounds eluting from naphthalene through Benzo(g,h,i) Perylene.

W. Unadjusted TPH is defined as the collective concentration of all hydrocarbon compounds
eluting from n-nonane to n-hexatriacontane.

X. All other terms are as defined in SW-846, "Test Methods for Evaluating Solid Waste",
USEPA, September 1986, and as amended and updated.
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ATTACHMENT I

POLLUTION PREVENTION

Spectrum Analytical is committed to providing a safe and healthy-working atmosphere for its
employees and the environment.

Every precaution available is used to prevent the release of any type of pollution from this
facility. All samples, sample extracts, laboratory chemicals and solvents are handled with
extreme care and in compliance with all local, state and federal regulations.

Flammable solvents are stored in specifically designated flammable storage cabinets.
Flammable wastes are collected in 5-gallon flash arrestor-type containers.

Hazardous liquids are collected in 55-gallon polyurethane drums, which are monitored and
positioned on a spill containment vessel for added protection.

All expired solid samples are collected in 55-gallon drums and the composite sampled and tested
prior to disposal. Samples with PCB contamination are segregated for separate disposal.

All expired liquid samples and extracts are collected in polyurethane drums, then sampled and
tested prior to disposal.

All wastes are removed from the facility by a licensed hazardous waste facility/transporter.
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Attachment II
Silica Gel Cleanup

From: Hanibal Tayeh
Sent: Wednesday, May 07, 2003 9:54 AM
To: Mohammed Baki
Cc: NICOLE BROWN
Subject: RE: ETPH METHOD SILICA GEL CLEAN-UP PROCEDURE

Mohammed,

Your comments regarding Silica-gel clean-up technique using CT-ETPH method are valid. It's important
to revise your ETPH SOP and state the following:
1- The silica-gel clean-up technique using this method should not be performed when a precise petroleum
hydrocarbon scan is detected and verified in terms of fingerprinting matching procedure for various
petroleum distillates (Gasoline, #1Fuel Oil-Kerosene, Aviation fuel, #2 Fuel Oil, #4 Fuel Oil, #6 Fuel Oil
and Motor Oil..etc).
2- The silica-gel clean-up technique using this method should not be performed when a multiple elution of
peaks similar to #6 Fuel range and reported as unidentified hydrocarbon groups which could contain
many PAH's and other semivolatile compounds related to hydrocarbon background such as asphalt, fill
materials and tar constituents.
3- The silica-gel clean-up technique using this method must be used when other unknown hydrocarbon
scan (other than the conditions listed above) is detected. Therefore, the final extract should be treated
after analysis is conducted and such signature verification is determined.

Thanks,
Hanibal

Original Message—
From: Mohammed Baki
Sent: Wednesday, May 07, 2003 9:24 AM
To: Hanibal Tayeh
Subject: ETPH METHOD SILICA GEL CLEAN-UP PROCEDURE

Extractable Total Petroleum Hydrocarbon (ETPH) Method requires a silica gel clean-up procedure.
Due to our experiences in the last two years, Petroleum Hydrocarbon or Hydrocarbon group couldn't
be removed from the final extract using silica gel clean-up procedure. Therefore if naturally occurring
hydrocarbons, such as plants organic matters (alcohol apple etc..) are present in the sample
chromatograph then this procedure will be applied.

F:\data\QAQC\NELAC SOPs 2004\ETPH SOP 2003 rev. 04-05-04.doc



Spectrum Analytical, Inc. 11/18/2005

Analytical Method Information

\nalyte MDL

MRL MRL Duplicate
ppbv ug/m3 RPD

wc-Cyanide, Total (Lachat) in Aqueous (10-204-00-1-A /)

Preservation: Dechlorinate; NaOH to pH>12

Container: 500 mL Poly NaOH Amount Required: 50 mis

Cyanide (total) 0.00400 0.0100

Matrix Spike Blank Spike / LCS

%R RPD %R RPD

Hold Time: 14 days

75-125 20 90-110

V,,,
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[Site-Specific] Standard Operating
Procedure #3.1
Post-Remedial Soil Gas Monitoring

Former Intelidata Facility

January 2006

Environmental Resources Management
77 Hartland Street

East Hartford, Connecticut 06108



3.1 SOIL GAS MONITORING

3.1.1 Introduction and Purpose

The purpose of this Site-specific document is to provide standard
procedures for conducting soil gas monitoring in the field at the Former
Intelidata Facility at 80 Pickett District Road, New Milford, Connecticut
(the Site).

Soil gas monitoring in the vadose zone is a method used to directly
measure characteristics of the interstitial gases between the ground
surface and the groundwater table. Analysis of soil gas samples is
frequently used as an indirect indicator of processes occurring in and
below a soil sampling horizon. Specifically at this Site, soil gas monitoring
will be used to evaluate the effectiveness of the Soil Vapor Extraction
(SVE)/Air Sparge (AS) system and to detect the presence or absence of
volatile organic compounds (VOCs) in the vadose zone during periods of
SVE/AS shutdown. Conducting soil gas monitoring during periods of
shutdown will help in determining the point at which remediation has
been completed.

Under natural conditions, VOCs diffuse through unsaturated soils to the
surface, achieving equilibrium with other soil gases. Their equilibrium
concentration will be a function of their source concentration (separate
phase product, impacted soils and/or impacted groundwater), their
volatility, and the amount of soil through which they diffuse. When
active SVE remediation is applied to the vadose zone soils a pressure
gradient (vacuum) is induced at the extraction well, which in turn
produces a vapor flow through the vadose zone. The directed vapor flow
removes the VOC-impacted vapors in equilibrium and channels them to
an alternate treatment or discharge location, at the same time causing
VOCs adsorbed onto the vadose zone soils to re-equilibrate and enter the
vapor phase. These vapors are subsequently also removed by the SVE
system, in a continual process. The SVE system induced flow also
captures vapors generated by the AS system.

After a period of operation the concentration of VOCs in the soil vapor
being extracted will reach asymptotic conditions (systems no longer
effective) and will be shutdown. Subsequent to a rest period, which will
allow the soils and vapors in the vadose zone to equilibrate, soil gas
monitoring will be used to evaluate if VOC concentration have rebounded
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above the applicable criteria. If below the criteria, quarterly soil vapor
monitoring would be conducted to confirm the criteria have been met.

3.1.2 Overview of Methods

Soil gas monitoring is generally used to evaluate the presence and
horizontal delineation of subsurface volatile contaminants. It can be a
survey method that is qualitative, or quantitative, depending on the
methods used. One should therefore choose the simplest system that
provides adequate confirmation of the type of contaminant being
monitored. For investigation and monitoring purposes at the Site,
quantitative data will be generated, and the following method will be
employed:

• Collection of soil gas samples by actively removing soil gas via
vacuum into whole air sampling containers (summa canisters)
will be conducted periodically from permanent soil vapor
monitoring points

3.1.2.1 Time variant methodologies:

• consists of monitoring soil gas in the vadose zone over time;

• can help monitor the effectiveness of remedial air-injection or
venting systems as well as the migration of contaminants from a
source; and

• proper maintenance of long-term monitoring systems is essential.

3.1.2.2 Field Quality Assurance/Quality Control:

• QA/QC requirements are dependent upon the data quality
objectives defined in the planning phase of the survey;

• Field personnel should closely follow a standard operating
procedure. Any deviations in the SOP should be recorded in the
field notes;

• It is essential that all field equipment be properly
decontaminated or disposed, if disposable, between sampling
locations;

• Bias of soil gas data (i.e., consistently lower-than-actual or higher-
than-actual concentrations related to the measurement process)



can occur for a number of reasons (malfunction of the field
instrument, subsurface barriers to vapor diffusion, etc.) and must
be considered in data evaluation;

• QA/QC samples must be taken, the type and magnitude of
which depends upon the purpose of the soil gas monitoring and
the requirements for data quality attendant to it. At a minimum,
the following QA/QC samples should be taken when collecting
samples for laboratory analysis (variations of these sampling
techniques can be used to check field equipment when taking
only field readings):

o Duplicates: separate soil gas samples collected from the sample
site into multiple containers, can be used to estimate the
precision of sampling and analysis; collect at least 10% of the
total number of soil gas samples;

• A paperwork audit should be done at the end of each working
day or at the conclusion of sample collection, and should include
evidence of an equipment inventory, sample inventory including
QA/QC samples, review of field notes and chain-of-custody
(COC) documentation; and

• COC documentation is mandatory when samples are transmitted
to an off-site laboratory.

3.1.2.3 Sample handling and transport:

• The period of sample handling and transport represents the
greatest opportunity for loss or gain of contaminants from or to
sample containers;

• Minimize the time between sample collection and analysis by
pre-arranging analysis with the selected laboratory when
samples are analyzed off site;

• Protect samples against light and heat and exercise precautions
against leaks;

• Select materials for soil gas sampling, transfer and containment
that will not impact sample integrity;

• Avoid porous rubbers and plastics and corrosive metals;

c
PAGE 3 OF 3



• Hand pumps and mechanical pumps can contribute to sample
contamination, and should only be installed behind the analyzer
or container in the sample train;

• Samples transported to an off-site laboratory must be properly
packaged to avoid damage to sample containers; take care to
keep samples from becoming overly warm or agitated during
transport; and

• Archiving (i.e., storing) of soil gas samples should not be done
due to the likelihood of degradation of stored samples.

3.1.2.4 Analysis of samples:

• Soil gas analysis procedure is based upon pre-existing protocol
established for the analysis of contaminants in ambient air;

3.1.3 Active Soil Gas Sampling

The following method is for the active collection of soil gas samples from
the permanent soil vapor monitoring points installed at a depth of three
feet or less.

3.1.3.1 Equipment

• site plan

• disposable, flexible tubing,

• personal air sampling pump,

• Summa canisters and associated in-line particulate filters,

• cooler, and

• decontamination supplies.

3.2.3.2 Work Process

• Purge the permanent point using a personal air sampling pump
set to 1.5 L/min for approximately 15 minutes.

• If an FID or PID is used for screening purposes, use the
instrument sample probe to draw air directly from the soil vapor
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monitoring point into the instrument and record the peak
concentration that occurs as vapor is being drawn in.

• Connect permanent point to Summa canister under vacuum and
fitted with an in-line filter using dedicated tubing; open sampling
valve. Allow the pressure in the sampling point and canister to
equilibrate (pressure readings will stop changing). Close the
sampling valve and disconnect from the sampling point. Summa
canisters are recommended above all other sampling devices.

• Move to the next location and repeat the above procedure.

3.1.4 References

The following references were consulted in the preparation of this SOP:

American Society for Testing and Materials (ASTM) international,
Standard Guide for Soil Gas Monitoring in the Vadose Zone, ASTM Standard
D 5314-93 (1993).

Devitt, et. al, Soil Gas Sensing for Detection and Mapping of Volatile Organics,
National Ground water Association, (1988).

State of Connecticut Department of Environmental Protection, Draft Site
Characterization Guidance Document, Attachment 4 (June 12,2000)

United States Environmental Protection Agency, Environmental Technology
Verification Report, Soil Gas Sampling Technology W. L. Gore & Associates, Inc.
GORE-SORBER Screening Survey, Report Number EPA/600/R-98/095
(1998).

GORE-SORBER® Screening Survey Module Storage, Installation and Retrieval
Information, W.L. Gore & Associates, Inc, Elkton, MD.

Description of Service for Soil Gas Applications, W.L. Gore & Associates, Inc.,
Elkton, MD.
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DRAFT

1.0 INTRODUCTION

1.1 Purpose & Scope

The objective of this low-flow sampling Standard Operating Procedure is
to establish consistent methodology for collecting representative
groundwater samples from monitoring wells while minimizing the
amount of purge water generated. The goal of low-flow sampling is to
purge a monitoring well at a similar or lower rate than recharge to the
well, thereby obtaining samples that are representative of undisturbed
groundwater. This technique involves pumping the groundwater at a low
flow rate through a flow cell where water quality parameters are
monitored until they stabilize, after which a groundwater sample is
collected for laboratory analysis. This standard operating procedure has
been prepared based on the Connecticut DEP; Draft Site Characterization
Guidance Document dated June 12, 2000 and is suitable for conducting
groundwater sampling activities on sites under the Connecticut
Remediation Standard Regulations (RSRs). Modifications to this plan can
be made to meet Superfund and/or RCRA site requirements.

1.2 Equipment

The following list of equipment and supplies required to perform low-
flow sampling shall be compiled and checked prior to field mobilization.

Adjustable-rate, low-flow, peristaltic pump (for water depth
less than 28 feet)

Adjustable-rate, low-flow, submersible or bladder pump (for
water depth greater than 28 feet)

Air compressor or air cyclinder for bladder pump with air
line

Silicone tubing for peristaltic pump

Teflon tubing, if dedicated to the well

Polyethylene tubing, if one-time sampling

Polyethylene sheeting
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DRAFT

In-line, flow-through cell equipped with pH, ORP, dissolved
oxygen (DO), specific conductivity and temperature
electrodes (YSI 600 XL)

Barometer or tel-data settings for obtaining barometric
pressure

Calibration solutions for pH, conductivity and ORP

LaMotte 2020 Turbidimeter w/ 10 NTU and 0 NTU
calibration standards

"T" fitting for collecting turbidity samples

Electronic water-level indicator or equivalent (marked in
0.01-foot increments)

Logbook, low-flow sampling forms and calibration forms

Sampling gloves

Additional PPE equipment if required under HASP
(respirator, tyvek, etc.)

Health and safety plan

Well and site keys

Groundwater sampling plan

Site plan showing well locations
Chain-of-custody documentation

Laboratory glassware

Coolers and ice

Decon materials

Graduated cylinder

Stop watch (or equivalent)

Five-gallon buckets

Funnel

Power inverter or gas powered generator

Extension cord

Ziplock bags

0.45 um filters (for samples greater than 10 NTU)
Note: Not used at site unless specified in sampling plan or
by project manager
Multitool

Tubing cutter
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2.0 PROCUDURES

2.1 Low-Flow Sampling
•{ Formatted: Bullets and Numbering

A. Check the condition of both well and lock for any damage or
evidence of tampering. Record condition.

B. Remove the well cap.

C. Measure the depth to water with an electronic water-level device
from the top of casing and record the measurement in the logbook and the
low-flow sampling form. Do not measure the depth to the bottom of the
well at this time (in order to avoid disturbing any accumulated sediment).
Repeat on all site wells (as described in sampling plan) prior to sampling
any wells.

D. Calibrate dissolved oxygen sensor to the barometric pressure on
the day of sampling. Recalibrate the dissolved oxygen sensor to reflect any
changes in barometric pressure during the sampling day (i.e., weather
fronts). Calibrate all other sensors (conductivity, pH, oxidation-reduction
potential) on a daily basis or more frequently if calibrations drift during
the course of sampling. See Standard Operation Procedure for YSI Care
and Maintenance on procedures for calibration and trouble shooting YSI
electrodes.

E. Set up YSI 650MDS to data log field parameters during the low-
flow pumping. Create a file name to match the well ID, record the
filename on the low-flow sampling form.

F. If using a submersible pump, attach and secure safety cable and
tubing to the low-flow pump. Slowly and carefully lower pump/tubing
into the well. It is imperative that disturbance of water in the well casing
be minimized. If anything occurs to cause greater than minimal
disturbance of the water column (e.g. slippage of the tubing) do not begin
the sampling process. The water in the well must equilibrate before
proceeding.
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G. Pre-measure the length of tubing so that the pump or tubing intake
is set at approximately the middle of the screen. If a well with an open
borehole and known water-bearing fracture is sampled, place pump or
tubing intake at the depth of the fracture of interest. Avoid placing the
pump intake less than 2 feet above the bottom of the well as this may
cause mobilization of sediment present in the bottom of the well.

H. Start purging the well at the lowest possible rate. Avoid surging.
Observe air bubbles displaced from discharge tube to assess progress of
steady pumping until water arrives at the surface. Record the start time
on the low-flow sampling form. The water level in the well should be
monitored during purging every 3 to 5 minutes, and ideally, the purge
rate should equal to the well recharge rate so that there is little or no
drawdown in the well, no greater than 0.3 feet. (The water level should
stabilize for the specific purge rate.) There should be at least 1 foot of
water over the pump intake so there is no risk of the pump suction being
broken, or entrainment of air in the sample. Record adjustments in the
purge rate and changes in depth to water on the low-flow sampling form.
Purge rates should, if needed, be decreased to the minimum capabilities of
the pump to avoid affecting well drawdown. The well should not be
purged dry. If the recharge rate of the well is so low that the well purges
dry, the sample should be collected two hours after purging and after
enough water has recharged the well to fill the necessary sample bottles.

I. During well purging, use the flow-through cell to monitor the field
parameters (temperature, pH, dissolved oxygen, oxidation-reduction
potential, specific conductivity and turbidity) every 3 to 5 minutes.
Collect turbidity samples through the "T" fitting upstream of the flow cell
every 3 to 5 minutes and record on the low-flow sampling form. Record
the field parameters on the low-flow sampling form in addition to using
the YSI 650MDS data logging capabilities. Record the water level every 3
to 5 minutes. Record any odors and visual observations (i.e., water color)
on the low flow form. The color should represent the final color of the
water sampled and not the initial water pumped during purging. If the
field parameters or drawdown fail to stabilize within two hours, contact
the project manager for further instructions.
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}. A sample should not be collected until one of the stabilization
criteria (A or B or C) listed below occur:

A. Stabilization is achieved when three consecutive readings,
taken at three (3) to five (5) minute intervals, are within the
following limits:

• Temperature (+/- 3%);

• Specific conductance (+/-3%);

• pH(+/-0.1 unit);

• Turbidity (10% for values greater than 1 NTU);
Note: Target level in CT is less than 5 NTU

• Dissolved Oxygen (10%);

• ORP/ Eh (+ / -10 millivolts).

B. Three well volumes have been purged regardless if the
meter readings have stabilized.

C. If the well purges dry in a low permeable formation,
allow two hours to pass for the well to recharge enough water to
fill the necessary sample bottles.

K. Prior to sampling, disconnect the discharge tubing from the
turbidity "T" valve. Water samples should not be collected downstream
of the flow-through cell. Continue pumping while flow-through cell is
disconnected.

L. The sampling flow rate should be at the lowest speed and increase
until discharge occurs. Monitor drawdown. If the well was purged at a
higher rate, pump lines are to be cleared using a flow rate less than 250
ml/ mm prior to sample collection for VOCs.
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M. Once the field parameters have stabilized collect the samples
directly from the end of the discharge tube. The order of sample
collection is:

A. volatile organic compounds (VOCs),

B. volatile gases (methane, ethene, ethane)

C. semivolatile organic compounds (SVOCs),

D. TPH,

E. metals (see item 14), and

F. general groundwater parameters.

N. Metal samples that require field filtering based on GW sampling
plan or project manager direction should follow this procedure, only filter
samples greater than 5 NTUs. If field filtering is required, then at least
one pint of water should be passed through the filter before the sample is
collected to allow equilibration of the water with the filter. Begin filling
the filter with water so that the arrow is pointed upward, thereby
displacing any air inside the filter that may affect redox sensitive elements
(i.e., metals). After the filter has been conditioned, begin collecting filtered
samples. Make sure the arrow on the filter is vertically down as specified
by the manufacturer. Also, if turbidity exceeds 10 NTUs, then an
unfiltered metals sample will be collected along with the filtered sample
to facilitate comparison of results.

O. Duplicate and split samples should be collected within series (i.e.,
VOC sample-VOC duplicate; VOC sample-VOC split sample).

{ Formatted: Bullets and Numbering

P. All sample bottles should be filled by allowing the water from the
discharge tube to flow gently down the inside of the bottle with minimal
turbulence. Cap each bottle as it is filled. Immediately place samples in a
cooler filled with ice. Record sample completion time on the low flow
sampling form and chain-of-custody.

Q. The pump assembly should be carefully removed from the well. If
the tubing is dedicated it should remain in the well or be stored in trash
bags and properly labeled.
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R. Measure and record the depth to the bottom of the well and note
any evidence of sediment accumulation in the well.

S. Close and lock the well.

2.2 Decontamination

Decontaminate non-dedicated sampling equipment prior to use in the first
well and following sampling of each subsequent well.

If a bladder pump is used, the pump will be pulled from the well and the
tubing removed. The pump will be disassembled and the disposable
bladder removed. The pump body will then be scrubbed thoroughly with
mixture of de-ionized water and a low phosphate, laboratory grade
detergent (i.e. Liquinox). The pump will then be double rinsed with de-
ionized water.

The water level meter must be decontaminated and silicone tubing
replaced at each well. All parts of the equipment coming in contact with
groundwater must be decontaminated by scrubbing thoroughly with
mixture of de-ionized water and a low phosphate, laboratory grade
detergent (i.e. Liquinox). The parts must then be double rinsed with de-
ionized water. Follow pump manufacturer instructions for taking pump
apart for cleaning.

v -
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Site Name:
Low-Flow Groundwater Sampling Form

ERM
399 ft> ylston Street, 6th Floor

ERM Boston, MA 02116

Well ID:
Date:
Sampling Personnel:
Weather Conditions:
Time:
File Name:

Total Depth (T.D.): Screen Length:

Depth to Water (D.T.W):, (D Well Diameter:
Total Volume Purged: Casing Type:
Purge Rate: Sampling Device:
Tubing Type: Measuring Point:
Pump Intake (ft below M.P.): color: odor:

Time:
(min)

DTW:
(feet)

Comments: Temp SpC
(uS/cm)

Cond
(uS/cm)

DO
(mg/L)

pH
std units

ORP
mV

Turb
NTU

Stabalization (see note
below)3

3%
V-
3%

V-
3% 10% 0.1 unit 10 mV 10%4

0:00
5:00

10:00
15:00
20:00
25:00

30:00

35:00
40:00

45:00

50:00

55:00

60:00
65:00
70:00

75:00

80:00
85:00

90:00

95:00
100:00

Sampling Time:

Samples Collected: Analysis Requested: Preservative: Holding Time: Lab:

Notes:
(1) - Do not measure depth to bottom of well until after purging and sampling to reduce resuspending fines that may be resting on the well bottom.
(2) - Stabilization criteria based on three most recent consecutive measurements.
(3) - Total drawdown in well to be less than 0.1 m (0.32 It). Purging rate to be lowered as necessary to keep drawdown below 0.1 m (032 ft).
(4) */-10% when turbidity is over 10 NTUs.



YSI Calibration Form u ERM
Cifp IVJatTiP- ^i5 399 Baylston Street, 6th Floor
cme manic. ERM Boston, MA 021 16

Date ; Time : Ini

CONDUCTIVITY

Known

Standard (us/ on)

Initial Meter Reading

Conductivity (us/ cm) Temperature

dais of inspectoi

Action taken

Calibrated

Final Conductivity (us/ cm)

PH

pH standard

4

7

10

Initial Meter

Reading pH Temperature Action taken

Calibrated

Final pH

ORP

ORP

Standard (mV)

Initial

ORP Reading (mV) Temperature Action taken ORP Final Reading

DO (% saturation calibration)
Condition of
Membrane?

Barometric
Pressure (inch Hg) Temperature

DO
Saturated (mg/L)

Initial DO
Reading (mg/1)

Action taken



STANDARD OPERATING PROCEDURE - YSI CAKE & MAINTENANCE

1.0 INTRODUCTION

1.1 Purpose & Scope

The objective of maintaining YSI geochemical probes is to ensure data quality by
minimizing interferences that result corrosion, biological film and/or mineral
scaling onto probe sensors. This Standard Operating Procedure shall be used for
long term rentals of YSI geochemical probes, whether the probes are deployed
for long term monitoring or low-flow sampling.

1.2 Equipment

The following list of equipment and supplies for low-flow sampling shall be
compiled and checked prior to field mobilization.

YSI 6570 Maintenance Kit

YSI 6035 Reconditioning Kit

detergent

lens cleaning tissue
cotton swab
1M HC1
Chlorine bleach
deionized water

2.0 PROCEDURES

2.1 Dissolved Oxygen Probe

The KC1 solution and the Teflon membrane at the tip of the probe should be
changed if the presence of "air bubbles" are observed beneath the membrane. If
either the electrodes are black in color, resurface using the fine sanding disks
(6035 reconditioning kit).

Resurface the brass electrode in DO probe as follows:

1. First, dry the probe tip completely with lens cleaning tissue

1
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2. Hold the probe in a vertical position, place one of the sanding disks under
your thumb, and stroke the probe face in a direction parallel to the gold
electrode (located between the two silver electrodes). The motion is
similar to that used in striking a match.

2.2 Conductivity Probe

Dip nylon brush in clean water and insert it into each hole 15-20 times. If there
are deposits on the electrodes, use mild detergent with the brush.

2.3 pH-ORP Probe

Use deionized water and a soft clean cloth, lens cleaning tissue, or cotton swab to
remove all foreign material from the glass bulb and platinum electrode. If good
pH and/or ORP response is not restored, perform additional cleaning procedure.

Additional cleaning procedure:

1. Soak the probe for 10-15 minutes in clean water containing a few drops
of commercial dishwashing liquid.

2. Gently clean the glass bulb and platinum button by rubbing with a cotton
swab soaked in the cleaning solution.

3. Rinse the probe in clean water, wipe with cotton swab saturated with
clean water, and then rinse with clean water.

If good pH/ORP response is still not restored by the above procedure, perform
additional procedure:

1. Soak the probe for 30-60 minutes in one molar (1M) hydrochloric acid
(HC1),

2. Gently clean the glass bulb and platinum button by rubbing with a cotton
swab soaked in the acid

3. Rinse the probe in clean water, wipe with cotton swab saturated with
clean water, and then rerinse with clean water. To be certain that all the
traces of the acid are removed from the probe crevices, soak the probe in
clean water for about an hour with occasional stirring.

If biological contamination of the reference junction is suspected or if good
response is not restored by the above procedures, perform the following
additional cleaning step:

2
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1. Soak the probe for approximately 1 hour in a 1 to 1 dilution of
commercially-available chlorine bleach

2. Rinse the probe with clean water and then soak for at least 1 hour in clean
water with occasional stirring to remove residual bleach from the junction.
(If possible soak the probe for period of time longer than 1 hour in order
to be certain that all traces of chlorine bleach are removed.) Then rerinse
the probe with clean water and retest.

3
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APPENDIX G

PROPOSED REVISIONS, CONNECTICUT REMEDIATION STANDARD REGULATIONS
VOLATILIZATION CRITERIA

ERM Corillian/0037300/0016718/QAPP-final.DOC
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INTRODUCTION

The volatilization criteria were developed to identify situations where contaminants in
groundwater and soil vapor volatilize, travel into an overlying building and result in the potential
risk to human health from the inhalation of the contaminants by occupants of the building. Since
the development and adoption of the volatilization criteria in the Remediation Standard
Regulations (RSRs) in 1996, the Department of Environmental Protection (DEP), the
Department of Public Health (DPH), the U.S. Environmental Protection Agency (USEPA), other
state agencies and researchers across the country have collected additional laboratory and field
information regarding the volatilization of contaminants. This work has resulted in a better
understanding of the vapor migration pathway and the associated risk to public health posed by
volatile organic compounds present in the subsurface. Consequently, DEP, with the assistance
and input of DPH, is proposing revisions to the volatilization criteria. This document describes
the basis for the proposed criteria, as well as the basis for the original criteria issued in 1996 for
comparison.

The proposed revisions reflect new toxicological information, a revised transport model and
additional information and understanding of this potential pathway of exposure that have all
become available since the RSRs were formally adopted in 1996. The proposed revised target
indoor air concentrations, groundwater volatilization criteria and soil vapor volatilization criteria
are presented in Tables 1, 2 and 3, respectively.

The CTDEP is proposing revisions to the volatilization criteria at this time as part of the
Department's application to the USEPA for authorization of the RCRA Corrective Action
Program. These proposed changes make Connecticut's criteria more consistent with the EPA

v Draft Guidance "Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and
Soil" that was issued in November 2002.

BASIS FOR DEVELOPMENT OF ORIGINAL VOALTLIZATION CRITERIA

The numerical volatilization criteria adopted in 1996 are listed in Appendices E and F of the
RSRs and also in Tables C1, C2 and C3 in Appendix C of this document. These numerical
criteria were developed using the transport model presented in ASTM ES 38-94 "Emergency
Standard Guide for Risk Based Corrective Action Applied at Petroleum Release Sites" and
toxicity information that was available in 1995.

Original Transport Model

The original transport model presented in the ASTM ES 38-94 was based on a model
developed by Johnson and Ettinger and utilized a simplified approach for simulating the
transport of volatiles from groundwater, through the soil media and building foundations,
and into building structures as airborne contaminants. That model was based on the
assumption that diffusion is the sole method of transport from subsurface contamination
into the indoor air environment. Diffusion is the process resulting from random motion of
molecules by which there is a net flow of matter from a region of high concentration to a
region of low concentration. Equations used to develop the original volatilization criteria
are shown in Appendix G of the RSRs and in Tables X2.1, X2.2, and X2.3 of ASTM ES
38-94.



The original transport model required the input of a variety of parameters to define the
subsurface conditions, the building foundation and the interior environment of the
building. Since these parameters are widely variable depending on site-specific
conditions, default values were developed. Default values for the various parameters
used in the model are presented in Appendix G of the RSRs and are the default values
recommended in Tables X2.4 and X2.5 of ASTM ES 38-94. In general, these input
parameters describe a conservative scenario in an effort to best protect human health
and the environment in the generic or broad application of these criteria.

Original Target Indoor Air Concentrations

The volatilization criteria were developed by calculating a target indoor air concentration
(TAG) for each chemical using risk assessment algorithms and toxicity values
recommended by USEPA in 1995 and exposure assumptions recommended in ASTM
ES 39-94. Background concentrations for certain chemicals were also taken into
consideration when establishing the TACs. The background concentrations were
described in Table 4 of ASTM ES 38-94 and in Table 3-1 of Massachusetts DEP's
"Background Documentation for the Development of the MCP Numerical Standards".
For some chemicals, the background concentrations were greater than the calculated
risk-based concentrations. For these chemicals, the TACs were set at the background
concentrations.

Ceiling Value for Groundwater Volatilization Criteria

A ceiling value of 50,000 micrograms per liter ("ug/L") was applied to all of the
groundwater volatilization criteria for which the risked-based criteria were greater than
50,000 ug/L. The purpose of the ceiling value was to prevent gross contamination from
being overlooked and to ensure that remediation in accordance with these criteria would
address potential odor problems.

Quantification Limits

In general, if the risk-based criteria for a contaminant in soil, groundwater or soil vapor
was a concentration lower than that which could be reasonably quantified, the RSR
criteria was adjusted upward to a level that could be quantified by laboratories in
Connecticut. In 1996, the soil vapor volatilization criteria were adjusted such that any
risk-based soil vapor volatilization criteria that was determined to be less than one part
per million ("ppm") was adjusted up to 1 ppm.

PROPOSED REVISIONS TO THE VOLATILIZATION CRITERIA

The proposed volatilization criteria are based on:

1) The Johnson and Ettinger (1991) model, incorporating its extensions developed in 1998
and 1999 (Johnson et al. 1998 and Johnson et al. 1999),

2) New toxicity information,
3) New exposure assumptions,
4) Ceiling values for target indoor air concentrations, and
5) Updated quantification limits.



Proposed revised target indoor air concentrations, groundwater volatilization criteria and soil
vapor volatilization criteria are shown in Tables 1, 2 and 3 of this document.

Revised Transport Model

The revised Johnson and Ettinger model incorporates both diffusion and advection as
the mechanisms of transport of subsurface contamination into the indoor air
environment. While diffusion is a passive process, advection is an active process
brought about by pressure gradients. Gases will move from areas of high pressure to
areas of low pressure. Buildings, particularly under wintertime conditions, are
depressurized due to warmed air constantly rising towards the roof. This allows influx of
air from the soil gas, which follows the pressure gradient from soil gas into the
basement. The greater the depressurization of the building, the greater the zone of
influence will be. The zone of influence is the depth from which soil gas can be drawn
into the building.

Since the revised model incorporates both diffusion and advection as transport
mechanisms, the total amount of transport is greater than that calculated using the
original model. Sampling at sites in Connecticut show that the original model under-
predicted indoor air concentrations based on groundwater and soil vapor sample results.
Therefore, the revised model provides a more accurate and realistic representation of
volatile transport. USEPA is also currently using the revised Johnson and Ettinger
model to develop their "Guidance for Evaluating the Vapor Intrusion into Indoor Air". In
addition, many states including Massachusetts, Michigan, Pennsylvania, Virginia, West
Virginia and California are also using this model to develop criteria for this exposure
pathway. Appendix A describes the revised model in detail.

The default input values used in the revised model are the same as those used in the
1996 model with one exception, QSOii/QB- QSOH/QB is the ratio of soil gas intrusion rate to
building ventilation rate and was not part of the original model. The default input value
used for QSOH/QB is taken from USEPA's "Guidance for Evaluating the Vapor Intrusion
into Indoor Air". All variables used in the revised model are listed and defined in Tables
A1 and A2. Table A3 shows the typical values or range of values for these parameters
as well as the default values used to calculate the proposed volatilization criteria.

Revised and Updated Target Indoor Air Concentrations

The target indoor air concentrations (TACs) were again derived by CT DPH for each
chemical using risk-based calculations recommended by USEPA, the chemical-specific
reference concentrations (RfCs) and cancer unit risks currently available. Appendix B
presents these risk-based equations. The following issues were addressed in the TAG
revisions:

1) Updated toxicity values,
2) Revised exposure assumptions for industrial/commercial settings,
3) Increased exposure and susceptibility for children for residential settings,
4) Updated background concentrations, and
5) Ceiling value for TACs.



Toxicity Values

All of the toxicity values have been reviewed and revised to reflect up-to-date
toxicity values. The most significant changes are the toxicity values for several
chlorinated hydrocarbons including 1,1-dichloroethylene ("DCE"),
trichloroethylene ("TCE"), and vinyl chloride. 1,1-Dichloroethylene is no longer
regulated as a low dose linear carcinogen; although, there remains considerable
uncertainty regarding its potential carcinogenicity, which is reflected in the new
TAG. The net result of this is an increase in the 1,1-DCE TAG by 200 fold over
the former value. The evidence for the carcinogenicity of trichloroethylene in
humans has become strengthened with an associated increase in USEPA's
estimate of its cancer potency (Cogliano, et al., 2001). This change would have
led to a considerable lowering of the TCE TAG, if not for the fact that TCE is a
background indoor air contaminant. Setting the TAG for TCE at its background
concentration leads to a 5 fold lowering of the TAG, relative to the 1996 value.
USEPA's carcinogenicity reassessment of vinyl chloride has led to a decrease in
its potency estimate by 10 fold, leading to a commensurate increase in the TAG
for vinyl chloride.

While USEPA's Integrated Risk Information System (IRIS) database was relied
upon as the primary source of toxicity values, other federal and state risk
assessment databases (USEPA's Health Effects Assessment Summary Tables -
HEAST, ATSDR's Chronic Minimum Risk Levels - MRLs, California EPA's
Chronic RELs) were reviewed to determine the consistency of toxicity values
across agencies. These other data sources were used in derivation of TACs in
cases where USEPA did not have a value listed on IRIS. Appendix B presents
all of the new toxicity values and how they were used in deriving TACs for both
residential and industrial/commercial scenarios.

Exposure Assumptions

Exposure assumptions for the residential scenario have not changed: 30 year
residence at the affected location, daily exposure for 350 days/year, with an
inhalation rate of 20 m3/day for a 70 kg adult. The exposure assumptions for the
industrial/commercial scenario are revised to better reflect likely workplace
exposures. The inhalation rate per day has been reduced by one half to 10
m3/day to reflect a shorter exposure time in the industrial/commercial exposure
scenario. The other exposure assumptions for this scenario have not changed
(25 years exposure, 250 days/year, 70 kg body weight).

Increased Exposure and Susceptibility of Children to Carcinogens

Increased exposure and susceptibility of children in a residential scenario to
carcinogens was taken into consideration during these revisions. The residential
scenario involves young children, which is a receptor group that is likely to be at
elevated risk relative to adults due to several factors: 1) their greater respiratory
rate per body weight and lung surface area (Child-Specific Exposure Factors
Handbook, USEPA, 2000; Thurlbeck, 1982); and 2) due to the likelihood that
they have increased sensitivity to carcinogens (Ginsberg, 2003; USEPA, 2003;
USEPA, 2000). TACs based on adult exposure parameters and sensitivity may
not be adequately protective of children.



The first factor, children's increased inhalation rate, is the basis for a 2-fold
adjustment of the TAG to ensure protection of children.

The second factor, increased sensitivity to carcinogens, was the rationale for an
additional 2-fold adjustment factor, but in this case it is applied only for genotoxic
carcinogens. Juvenile animal studies indicate that even very brief exposures in
early life can lead to substantial cancer risk (Vessinovitch, 1979; Toth, 1968).
However, the standard rodent cancer bioassay upon which unit risks are derived
starts dosing after this period of development. For these reasons, the
development of TACs for the residential scenario incorporates a children's
carcinogen sensitivity factor. This factor is applied to genotoxicants, a type of
carcinogen whose effects in early life are most clearly documented at the present
time. The adjustment factor is 2 fold based upon the vinyl chloride example on
IRIS (USEPA, 2000). The underlying principle is that the risk from short-term
early life exposure can be equal to the risk stemming from much longer exposure
beginning later in life, and that risks must be additive across these age groups
(Ginsberg, 2003). This approach is consistent with USEPA's IRIS file for vinyl
chloride and draft Cancer Risk Assessment Guidelines (USEPA, 2000; USEPA,
2003).

Background Concentrations in Indoor Air

Since 1996, there has been an increased focus around the United States on
measuring indoor air quality in impacted and non-impacted (or "background")
homes, offices, schools and other environments. This had led to an enhanced
database for background indoor air data (Foster, et al., 2002; Kurtz and Folkes,
2002; NYSDOH, 1997; Clayton, et al., 1999; Shields, et al., 1996; USEPA/BASE
Study, 1999). These datasets, along with the pre-existing indoor air datasets
(Stolwick, 1990; Vermont DOH, 1992; Brown, et al., 1994; Daisey, et al., 1994;
Sheldon, et al., 1992; Shah and Singh, 1988) have been reviewed while giving
particular attention to those volatile oraganic compounds (VOCs) (typically
carcinogens) with risk-based TACs that approach or are below what can be
considered background. VOC indoor air measurements are typically lognormally
distributed; therefore, the central tendency background concentration (the
median) was chosen to represent background. While higher concentrations may
be found in certain background locations, the central tendency was used
because of the way it would be applied: 1) to replace a risk-based TAG such that
the background concentration would already be above a risk target; and 2) to
back-calculate the allowable contribution from subsurface VOC contamination,
such that the amount that is from background sources plus the amount allowed
from subsurface sources would still be within the range of the background data
distribution.

VOC background concentrations and how they are used in the derivation of
TACs are shown chemical-by-chemical in Appendix B.

TAC Ceiling Value

A ceiling value of 500 ug/m3 was applied to both the residential and
industrial/commercial scenarios for those VOCs with risk-based TACs exceeding



this ceiling value. This ceiling value was derived as an upper bound
concentration that signals the presence of an unusual indoor air source for an
individual VOC. It is prudent to keep the concentration of individual VOCs below
this level to avoid odor complaints, degraded air quality, or non-specific health
complaints. VOC odor thresholds were separately considered but only in
isolated cases where the odor threshold is the key factor in setting a TAG.
Appendix B provides a detailed discussion of this topic.

Current Quantification Limits

Based on the use of current analytical methods, concentrations in soil vapor can be
reliably quantified at a level significantly lower than 1ppm. Therefore, the soil vapor
volatilization criteria were adjusted such that any risk-based soil vapor volatilization
criteria that are determined to be less than 0.5 ppb, are adjusted up to 0.5 ppb. The only
criteria adjusted up to 0.5 ppb, is the residential soil vapor volatilization criteria for
ethylene dibromide (EDB).

Criteria for New Chemicals

Since 1996, the DEP has approved volatilization criteria for a number of compounds for
which criteria had not been established in the original regulations. Based on all of the
requests for additional criteria for additional chemicals submitted since 1996, the
following compounds have been added to the list of volatilization criteria:
trichlorofluoromethane, chloroethane, chloromethane, dichlorodiflouromethane,
isopropylbenzene (cumene), cis-1,2-dichloroethene, trans-1,2-dichloroethene,
bromodichloromethane, n-butylbenzene, sec-butylbenzene, 1,2,4-trimethylbenzene,
1,3,5-trimethylbenzene and 4-isopropyltoluene (4-cymene).

APPLICATION OF THE VOLATILIZATION CRITERIA

Under the current regulations, the groundwater volatilization criteria are applicable to "all ground
water polluted with a volatile organic substance within 15 feet of the ground surface or a
building". However, research since 1996 has demonstrated that volatiles in groundwater at
depths much deeper than 15 feet have been the source of vapor intrusion into overlying
structures at concentrations that pose a risk to public health. The USEPA in their "Guidance for
Evaluating the Vapor Intrusion into Indoor Air" is recommending applying criteria up to buildings
up to 100 feet from the contamination source. Other states including Michigan and
Pennsylvania require that volatilization issues be addressed when polluted ground water is
within 30 feet of the surface. After evaluating geology and hydrogeology in Connecticut, DEP is
proposing that the volatilization criteria should be applied to groundwater within 30 feet of the
ground surface or a building.

The RSRs adopted in 1996 provide baseline numeric criteria that can be used to demonstrate
compliance or that can be used as a screening level. The regulations also provide the option of
developing a site-specific criteria by calculating an attenuation factor using input parameters
that are appropriate for the circumstances at a specific site. The site-specific option will also be
retained in the proposed revisions to the regulations. However, the revised Johnson and
Ettinger model should be used for such calculations. Further, the option to take measures that
would prevent the migration of volatiles into indoor air rather than remediate the ground water



and the option to record a land use restriction that would prohibit the construction of a building
over ground water polluted by VOCs will be retained in the revised regulations.

SUMMARY

DEP is proposing to revise the volatilization criteria to better protect human health and to remain
consistent with federal programs. The revisions proposed in this document are in keeping with
the following objectives:

• The proposed revised volatilization criteria are similar to those used by USEPA and
other states.

• The revised transport model more accurately predicts indoor air concentrations.
• The toxicity information has been updated to current toxicity values.
• The exposure assumptions have been refined to be both protective and realistic.
• The depth to groundwater to which these criteria should be applied has been increased

to 30 feet based on new research that demonstrates indoor exposures resulting from the
migration of volatiles from a ground water source significantly deeper than 15 feet.

A comparison of 1996 TACs and volatilization criteria to proposed revised TACs and
volatilization criteria is presented in the three tables in Appendix C.

DEP is seeking comments from the public on these revisions before proposing revised
regulations in July 2003. Please send you comments to:

Ruth Lepley Parks
Permitting, Enforcement and Remediation Division

Connecticut Department of Environmental Protection
79 Elm Street

Hartford, Ct 06106

before
June 30, 2003
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Table 1

Proposed Target Indoor Air Concentrations

Compound

Acetone

Acrylonitrile

Benzene

3romoform

2-Butanone (MEK)

Carbon tetrachloride

Chlorobenzene

Chloroform

pibromochloromethane

1 ,2-Dichlorobenzene

1 ,3-Dichlorobenzene

1 ,4-Dichlorobenzene

1,1-Dichloroethane

1 ,2-Dichloroethane

1,1-Dichloroethylene

cis-1 ,2-Dichlroethylene

trans-1 ,2-Dichloroethylene

1 ,2-Dichloropropane

1 ,3-Dichloropropene

Ethyl benzene

Ethylene dibromide (EDB)

Methyl-tert-butyl-ether

Methyl isobutyl ketone

Methylene chloride

Styrene

CAS
Number

67641

107131

71432

75252

78933

56235

108907

67663

124481

95501

541731

106467

75343

107062

75354

156592

156605

78875

542756

100414

106934

1634044

108101

75092

100425

Residential
TAG

(ug/m3)

180

NA

3.3(2)

0.55

500(1)

0.5(2)

37

0.5<2

NA

73

73

24

77

0.07

10

See New Criteria below

See New Criteria below

0.13

0.21

53

0.0028

160

37

gP)

52

Industrial/Commercial
TAG

(ug/m3)

500(1)

NA

3.3<2'

7.3

500(1)

0.54'

200

0.5<2

NA

410

410

24

430

0.31

20

See New Criteria below

See New Criteria below

0.42

2.9

290

0.038

190(3)

200

17

290



Table 1
(Continued)

Proposed Target Indoor Air Concentrations

Compound

1,1,1 ,2-Tetrachloroethane

1 , 1 ,2,2-Tetrachloroethane

fetrachloroethylene

Toluene

1,1,1 Trichloroethane

1,1,2-Trichloroethane

Trichloroethylene

Vinyl chloride

kylenes

New Criteria

Trichlorofluoromethane

Chloroethane

Chloromethane

Dichlorodiflouromethane

Isopropylbenzene (Cumene)

cis-1 ,2-dichloroethene

trans-1 ,2-dichloroethene

iromodichloromethane

N-butylbenzene

Sec-butylbenzene

1 ,2,4-trimethylbenzene

1 ,3,5-trimethylbenzene

4-isopropyltoluene (4-cymene)

CAS
Number

630206

79345

127184

108883

71556

79005

79016

75014

1330207

75694

75003

74873

75718

98828

156592

156605

75274

104518

135988

95636

108678

99876

Residential
TAG

(ug/m3)

0.082

0.011

5(2)

210

500

2.2

1(2)

0.14

220

370

500(1)

14

91

120<3)

18

37

0.034

73

73

9.3

9.3

67

Industrial/Commercial
TAG

(ug/m3)

1.1

0.14

5(2)

500(1)

500(1)

12

1<2)

1.9

500(1)

500(1)

500(1)

80

500(1)

120(3)

100

200

0.46

410

410

52

52

370
(1) Based on a ceiling value. (2) Based on a background concentration.

(3) Based on an odor threshold concentration.



Table 2

Proposed Ground Water Volatilization Criteria

Compound

Acetone

Acrylonitrile

Benzene

Bromoform

2-Butanone (MEK)

Carbon tetrachloride

Chlorobenzene

Chloroform

pibromochloromethane

1 ,2-Dichlorobenzene

1 ,3-Dichlorobenzene

1 ,4-Dichlorobenzene

1,1-Dichloroethane

1,2-Dichloroethane

1,1-Dichloroethylene

cis-1 ,2-Dichlroethylene

!

rans-1 ,2-Dichloroethylene

1 ,2-Dichloropropane

1 ,3-Dichloropropene

Ethyl benzene

Ethylene dibromide (EDB)

Methyl-tert-butyl-ether

Methyl isobutyl ketone

Methylene chloride

Styrene

CAS
Number

67641

107131

71432

75252

78933

56235

108907

67663

124481

95501

541731

106467

75343

107062

75354

156592

156605

78875

542756

100414

106934

1634044

108101

75092

100425

Residential
GWVC
(ug/L)

50000

NA

130

75

50000

5.3

1800

26

NA

5100

4300

1400

3000

6.5

190

See New Criteria below

See New Criteria below

7.4

11

2700

0.3

21000

13000

160

3100

Industrial/Commercial
GWVC
(ug/L)

50000

NA

310

2300

50000

14

23000

62

NA

50000

50000

3400

41000

68

920

See New Criteria below

See New Criteria below

58

360

36000

11

50000

50000

2200

42000



Table 2
(Continued)

Proposed Ground Water Volatilization Criteria

Compound

1 ,1 ,1 ,2-Tetrachloroethane

1,1 ,2,2-Tetrachloroethane

Tetrachloroethylene

Toluene

1,1,1 Trichloroethane

1 ,1 ,2-Trichloroethane

Trichloroethylene

Vinyl chloride

Xylenes

New Criteria

Trichlorofluoromethane

Chloroethane

Chloromethane

Dichlorodiflouromethane

Isopropylbenzene (Cumene)

Cis-1 ,2-dichloroethene

trans-1 ,2-dichloroethene

Bromodichloromethane

N-butylbenzene

Sec-butylbenzene

1 ,2,4-trimethylbenzene

1 ,3,5-trimethylbenzene

4-isopropyltoluene (4-cymene)

CAS
Number

630206

79345

127184

108883

71556

79005

79016

75014

1330207

75694

75003

74873

75718

98828

156592

156605

75274

104518

135988

95636

108678

99876

Residential
GWVC
(ug/L)

2

1.8

340

7100

6500

220

27

1.6

8700

1300

12000

390

93

2800

830

1000

2.3

1500

1500

360

280

1600

Industrial/Commercial
GWVC
(ug/L)

64

54

810

41000

16000

2900

67

52

48000

4200

29000

5500

1200

6800

11000

13000

73

21000

20000

4800

3900

22000



Table 3

Proposed Soil Vapor Volatilization Criteria

Compound

kcetone

Acrylonitrile

Benzene

Bromoform

2-Butanone (MEK)

Carbon tetrachloride

Chlorobenzene

Chloroform

pibromochloromethane

1 ,2-Dichlorobenzene

1 ,3-Dichlorobenzene

1 ,4-Dichlorobenzene

1,1-Dichloroethane

1 ,2-Dichloroethane

1,1-Dichloroethylene

cis-1 ,2-Dichlroethylene

1rans-1 ,2-Dichloroethylene

1 ,2-Dichloropropane

l,3-Dichloropropene

Ethyl benzene

Ethylene dibromide (EDB)

Methyl-tert-butyl-ether

Methyl isobutyl ketone

Methylene chloride

Styrene

CAS
Number

67641

107131

71432

75252

78933

56235

108907

67663

124481

95501

541731

106467

75343

107062

75354

156592

156605

78875

542756

100414

106934

1634044

108101

75092

100425

Residential
SWC
(ppm)

57

NA

0.78

0.04

130

0.06

6.1

0.078

NA

9.2

9.2

3

14

0.013

1.9

See New Criteria below

See New Criteria below

0.021

0.035

9.3

0.0005

34

6.8

0.65

9.3

Industrial/Commercial
SWC
(ppm)

290

NA

1.4

0.98

230

0.12

60

0.14

NA

95

95

5.5

150

0.11

7

See New Criteria below

See New Criteria below

0.13

0.89

93

0.007

73

68

6.8

95



Table 3
(Continued)

Proposed Soil Vapor Volatilization Criteria

Compound

1 ,1 ,1 ,2-Tetrachloroethane

1 ,1 ,2,2-Tetrachloroethane

fetrachloroethylene

Toluene

1,1,1 Trichloroethane

1,1 ,2-Trichloroethane

Trichloroethylene

Vinyl chloride

Xylenes

{New Criteria
I
Trichlorofluoromethane

Chloroethane

Chloromethane

Dichlorodiflouromethane

Isopropylbenzene (Cumene)

Cis-1 ,2-dichloroethene

trans-1 ,2-dichloroethene

Bromodichloromethane

N-butylbenzene

Sec-butylbenzene

1 ,2,4-trimethylbenzene

1 ,3,5-trimethylbenzene

4-isopropyltoluene (4-cymene)

CAS
Number

630206

79345

127184

108883

71556

79005

79016

75014

1330207

75694

75003

74873

75718

98828

156592

156605

75274

104518

135988

95636

108678

99876

Residential
SWC
(ppm)

0.009

0.0012

0.56

42

70

0.31

0.14

0.041

38

50

140

5.1

14

19

3.4

7.1

0.0038

10

10

1.4

1.4

9.3

Industrial/Commercial
SWC
(ppm)

0.22

0.028

1

180

130

3.1

0.26

1

160

120

260

53

140

34

35

70

0.095

100

100

15

15

94



Appendix A

Johnson and Ettinger Model



APPENDIX A

JOHNSON AND ETTINGER MODEL

The revised Johnson and Ettinger model incorporates both diffusion and advection as
mechanisms of transport of subsurface contamination into indoor air environment. Diffusion is
the mechanism by which vapor moves from a region of higher concentration to a region of lower
concentration. Diffusion is typically the vertical component of transport in this model. Advection
is the transport mechanism by which vapor moves to a region where there is a difference in
pressure, temperature or other factor. This Johnson and Ettinger model is the most widely used
vapor transport model across the United States.

The Johnson and Ettinger model uses the conservation of mass principle and makes the
following assumptions:

• Steady state conditions exist
• An infinite source of contamination exists
• The subsurface is homogeneous
• Air mixing in the building is uniform
• Preferential pathways do not exist
• Biodegradation (or any other transformation process) does not occur
• Contaminants are homogeneously distributed
• Contaminant vapors enter a building primarily through cracks and other openings in the

foundation and walls
• Ventilation rates and pressure differences are assumed to remain constant

The output of the Johnson and Ettinger model is the dimensionless attenuation factor (a) that
represents the ratio of the indoor air concentration to the vapor concentration at a subsurface
source. Using the attenuation factor and the recommended target indoor air concentrations,
allowable soil vapor and ground water concentrations were back calculated. These
concentrations are the recommended volatilization criteria. The Connecticut Department of
Public Health recommended appropriate target indoor air concentrations for residential and
industrial/commercial scenarios.

• For ground water volatilization criteria:

GWVC (ug/L) = Target Indoor Air Concentration (ug/m3) / (1000 L/m3 x a x H)

where H = Henry's Law Constant (unitless)

• For soil vapor volatlization criteria:

SWC (mg/m3) = Target Indoor Air Concentration (ug/m3) / (1000 ug/mg x a)

SVVC (ppm) = SWC (mg/m3) x 24.45 / Molecular Weight

where 24.45 = molar volume in liters at 760 torr barometric pressure at 25 ° C



The Johnson and Ettinger model calculates the attenuation factor as follows:

Attenuation Factor for Diffusion and Advection -

a = (A x eB) / [eB + A + (A/C)(eB-1)]

where:

A = (Deff
T AB) / (QBLT) of (Deff

T ) / (EB(VB/AB)LT)

B = (QsoiiUack) / (Deff
cracknAB) of [(Qsoii/Qb)EB(VB/AB)LcraCK] / [Deff

crackn]

where:

Deff _ i / r/i /ri^ff \ • /i /r\e" \
T - Lj / L(Lvadose/U vadose) + (L-cap/LJ cap)

LJ crack = LJ (by-crack /by-crack ) "*" (LJ 'H^bm-crack /OT-crack )

where:

Deff _ nair/Q 3-33/Q 2\ • /nwater/UVQ 3-33/O 2\
vadose ~ LJ (Ov-vadose 'bj-vadose ) + (LJ 'n)(bm-vadose 'bj-vadose )

Deff _ nair/Q 3-33/Q 2\ J. /nwater/U\/Q 3-33/Q 2\
cap ~ LJ (by-cap 'by-cap ) "*" (LJ /n^Orrxap 'by-cap /

The input values for these equations are defined in Tables A1 and A2 of this Appendix.
Conservative default values for each input variable were used to calculate the generic
volatilization criteria listed in Tables 2 and 3. The acceptable ranges for these default values
are presented in Table A3 along with the default input values used by CTDEP to calculate the
generic criteria. In addition, Table A4 presents molecular weights and Henry's Law Constants
(H) used by CTDEP.

Basically the input values describe the vapor transport pathway including the
• subsurface soils and stratigraphy;
• foundation of the structure;
• interior environment of the structure; and
• transport properties of the contaminants.

The subsurface soils are assumed to be sand and the stratigraphy is assumed to be
homogeneous. The default input values for the moisture content (0m) and vapor content (0y) of
the soils in both the vadose zone and the capillary fringe were chosen to represent sandy soils
in the subsurface. The thickness of the capillary fringe (L^p) is also based on an estimated
thickness of capillary fringe for a typical sand. The default input values used for the total depth
(LT) to groundwater and the total depth to a soil vapor sample are 3 meters and 1 meter,
respectively.

The default values used to describe the foundation of the building are the thickness of the
foundation (Lcrack) assumed at 0.15 meters and the areal fraction of cracks in foundation (n)
assumed at 0.01 (worst case value). Also, the soil properties of the soil in the cracks (0m and
0V) are estimated based on a sand soil type. The default values used to describe the indoor



environment are the enclosed space air exchange rate (Ee), the volume of the building divided
by the area of the building (or just the height of the building) (VB/AB) and the ratio of soil gas
intrusion rate to the building ventilation rate (Qsoii/Qs). These values differ for the residential
scenario and the industrial commercial scenario.

The default values used describe the transport properties of the contaminants are Henry's Law
Constants (H) listed for specific chemical on Table A4, and the diffusion in water (Dwater) and the
diffusion in air (Dair). Though the diffusion rates can be chemical-specific, a general diffusion
rates in air (8.64 x 10~5 M2/d) and in water (7.26 x 10~1 M2/d) were used for all of the chemicals.

All of the default input values used in this current model were also used in the original model
with the exception of the ratio QSOII/OB. This ratio was not part of the original model. The default
input value used for Qsoii/Qe is also the default value used in USEPA's "Guidance of revaluating
the Vapor Intrusion into Indoor Air" dated November 2002. The default input values used in the
original model remain unchanged. The default values are those recommended by ASTM 38-94
in Tables X2.4 and X2.5.

The article written by Johnson titled "Identification of Critical Parameters for the Johnson and
Ettinger (1991) Vapor Intrusion Model" dated May 2002 provides additional information
regarding the input values and the sensitivity of the final attenuation factor to various input
values.

The attenuation factors used to calculate the proposed revised criteria are based on the default
input values listed in Table A3 and the revised Johnson and Ettinger model. In general, the
attenuation factors used to calculate the proposed revised criteria are greater than the
attenuation factors used to calculate the original criteria in 1996. For the ground water scenario,
the attenuation factor increased by a multiple of approximately 2.5, from about 8x10 to
2x10 for the residential scenario and from 3x10 to 7 x 10 for the industrial/commercial
scenario. For the soil vapor scenario, the attenuation factor increased by a multiple of

-4 -3
approximately 10, from about 1.5 x 10 to 1.3 x 10 for residential the scenario and from
6 x 1 0 to 7x10 for the industrial/commercial scenario. The revised Johnson and Ettinger
model produces a more conservative attenuation factor compared to the original model.



Table A1

Definition of Variables

Definition

H

^m-vadose

0T-vadose

n
°m-crack

Qj-crack

"m-cap

Oj-cap

Dair

rv water

K

AP

Xcrack

P

^crack

n

AB

VB

EB

LT

Leap

Lcrack

Chemical Specific Henry's Law constant

Volumetric Moisture Content in Vadose Zone

Total Porosity in Vadose Zone

Volumetric Moisture Content in Cracks

Total Porosity in Cracks

Volumetric Moisture Content in Cracks in Capillary Fringe

Total Porosity in Capillary Fringe

Chemical Specific Molecular Diffusion Coefficient in Air

Chemical Specific Molecular Diffusion Coefficient in Water

Soil Permeability (near foundation) to Air Flow

ndoor-Outdoor Air Pressure Difference

Total Length of Cracks through which Soil Gas Vapors are Flowing

Viscosity of Air

Crack Opening Depth Below Grade

Fraction of Enclosed Space Area Open for Vapor Intrusion

Surface Area of the Enclosed Space in Contact with Soil

Enclosed Space Volume

Enclosed Space Air Exchange Rate

Depth from Foundation to Source

Thickness of Capillary Fringe

:oundation Thickness

Units

M9/m3-vapor / jjg/m3-H2O

m3-H2O / m3-soil

m3-voids / m3-soil

m3-H2O / m3-soil

m3-voids / m3-soil

m3-H2O / m3-soil

m3-voids / m3-soil

m2 /d

m2 /d

m2

g / ms2

m

g/ms

m

m2 /m2

m2

m3

1/d

m

m

m



Table A2

Calculated Variables

(Definition

v /A Ratio of Enclosed Space Volume to
B B [Exposed Surface Area

QB

Rcrack

By-vadose

By-crack

By-cap

Qsoil

Qsoil/Qe

Dwater/Dair

Enclosed Space Volumetric Air Flow
Rate

Effective Crack Radius or Width

Volumetric Vapor Content in Vadose
Zone

Volumetric Vapor Content in Cracks

Volumetric Vapor Content in Capillary
Fringe
'ressure Driven Soil Gas Flow Rate
rom the subsurface into the enclosed
space
?atio of Soil Gas Intrusion Rate to
Building Ventilation Rate
Ratio of Molecular Diffusion in water to
air

Uadose [Thickness of Vadose Zone

Calculation

= VBEB

= OAs/Xcrack

= Bj-vadose " 6m-vadose

"~ By-crack ~ Bm-crack

~ "l-cap ~ Bm-cap

= (2TTkAPXcrack) / [Mln(2Zcrack/Rcrack)]

= LT - Lcap

Units

m

m3 /d

m

m3-vapor / m3-soil

m3-vapor / m3-soil

m3-vapor / m3-soil

m3 /d

unitless

unitless

m



Table A3

Default Input Values

H

Om-vadose

OT-vadose

"m-crack

0T-crack

"m-cap

9r-cap

pair

p«water

k

AP

Xcrack

u

Zcrack

n

AB

VB

EB

LT

Leap

Lcrack

Units
pg/m3-vapor / |jg/m3-

H2O

m3-H2O / m3-soil

m3-voids / m3-soil

m3-H2O / m3-soil

m3-voids / m3-soil

m3-H2O / m3-soil

m3-voids / m3-soil

M2 /d

M2/d

m2

g/ms2

m

g/ms

m

m2 /m2

m2

m3

1/d

m

m

m

Typical Value
Range (1)

0.01 -1.0

0.1 -1

1E-6-1E-12

0-200

0.0005 - 0.005

147-672

4.8 - 24

0.01 -50

0.15-0.5

Notes
For most aromatic &
chlorinated solvents
ASTM default value.

Typical for sand.
ASTM default value.

Typical for sand.
ASTM default value.

Typical for sand.
ASTM default value.

Typical for sand.
ASTM default value.

Typical for sand.
ASTM default value.

Typical for sand.
For most chemicals

or 0 to 20 Pascals

ASTM default value.
0.01 for worst-case

scenario.

Range from USDOE
(1995)

ASTM default values.
12 for Residential

scenario and 19. 9 for
Industrial/Commercial

scenario.
ASTM default values.

3 for Groundwater
criteria and 1 for Soil

Vapor criteria.
ASTM default values.
0.05 for Groundwater
criteria and 0 for Soil

Vapor criteria.
ASTM default value.

Res
GWVC

—

0.12

0.38

0.12

0.38

0.342

0.38

7.26E-01

8.64E-05

0.01

12

3

0.05

0.15

I/C
GWVC

—

0.12

0.38

0.12

0.38

0.342

0.38

7.26E-01

8.64E-05

0.01

19.9

3

0.05

0.15

Res
SWC

...

0.12

0.38

0.12

0.38

0.342

0.38

7.26E-01

8.64E-05

0.01

12

1

0

0.15

I/C
SWC

—

0.12

0.38

0.12

0.38

0.342

0.38

7.26E-01

8.64E-05

0.01

19.9

1

0

0.15



Table A3
(continued)

Default Input Values

VB/AB

QB

Rcrack

Ov-vadose

9v-crack

9v-cap

Qsoil

QSOH/OB

r-jwaterir-jair

Lyadose

Units

m

m3 /d

m

m3-vapor / m3-soil

m3-vapor / m3-soil

m3-vapor / m3-soil

m 3 /d

unitless

unitless

m

Typical Value
Range (1)

2 - 3

0.0001-0.05

-1E-4

Notes
ASTM default values.

2 for Residential
scenario and 3 for

Industrial/Commercial
scenario.

ASTM default value.
Typical for sand.

ASTM default value.
Typical for sand.

ASTM default value.
Typical for sand.

EPA Vapor Intrusion
Guidance default

value.

ASTM default value.
2.95 for Groundwater
criteria and 1 for Soil

Vapor criteria.

Res
GWVC

2

0.26

0.26

0.038

0.003

1.19E-04

2.95

I/C
GWVC

3

0.26

0.26

0.038

0.003

1.19E-04

2.95

Res
SWC

2

0.26

0.26

0.038

0.003

1.19E-04

1

I/C
SWC

3

0.26

0.26

0.038

0.003

1.19E-04

1

( ' Johnson, (2002), Identification of Critical Parameters for the Johnson and Ettinger (1991) Vapor
Intrusion Model, API Bulletin #17, May.



Table A4

Henry's Law Constants and Molecular Weights

Compound

Acetone

Acrylonitrile

Benzene

Bromoform

2-Butanone (MEK)

Carbon tetrachloride

Chlorobenzene

Chloroform

pibromochloromethane

1 ,2-Dichlorobenzene

1 ,3-Dichlorobenzene

1 ,4-Dichlorobenzene

1,1-Dichloroethane

1,2-Dichloroethane

1,1-Dichloroethylene

cis-1 ,2-Dichlroethylene

trans-1 ,2-Dichloroethylene

1 ,2-Dichloropropane

1 ,3-Dichloropropene

Ethyl benzene

Ethylene dibromide (EDB)

Methyl-tert-butyl-ether

Methyl isobutyl ketone

Methylene chloride

Styrene

CAS
Number

67641

107131

71432

75252

78933

56235

108907

67663

124481

95501

541731

106467

75343

107062

75354

156592

156605

78875

542756

100414

106934

1634044

108101

75092

100425

Henry's Law
Constant
(unitless)

1.75E-03

2.26E-01

2.18E-02

1.12E-03

1.20E+00

1.61E-01

1.39E-01

7.95E-02

1.08E-01

1.12E-01

2.23E-01

4.51 E-02

6.11E-01

See listing below

See listing below

1.16E-01

1.44E-01

1.41E-01

2.76E-02

2.42E-02

5.66E-03

1.31E-01

1.07E-01

Molecular Weight
(g/mole)

58

78

253

72

154

113

119

147

147

147

99

99

97

See listing below

See listing below

113

111

106

188

88

100

85

104



Table A4
(Continued)

Henry's Law Constants and Molecular Weights

Compound

1,1,1 ,2-Tetrachloroethane

1 ,1 ,2,2-Tetrachloroethane

Tetrachloroethylene

Toluene

1,1,1 Trichloroethane

1 ,1 ,2-Trichloroethane

Trichloroethylene

Vinyl chloride

Xylenes

New Criteria

Trichlorofluoromethane

Chloroethane

Chloromethane

Dichlorodiflouromethane

Isopropylbenzene (Cumene)

Cis-1 ,2-dichloroethene

trans-1 ,2-dichloroethene

Bromodichloromethane

N-butylbenzene

Sec-butylbenzene

1 ,2,4-trimethylbenzene

1 ,3,5-trimethylbenzene

4-isopropyltoluene (4-cymene)

CAS
Number

630206

79345

127184

108883

71556

79005

79016

75014

1330207

75694

75003

74873

75718

98828

156592

156605

75274

104518

135988

95636

108678

99876

Henry's Law
Constant
(unitless)

4.51 E-01

1 .56E-02

8.36E-02

2.74E-01

9.47E-01

3.73E-02

3.74E-01

1.14E+00

2.16E-01

4.00E+00

4.50E-01

3.60E-01

1.40E+01

4.70E-01

1.70E-01

3.80E-01

8.70E-02

5.24E-01

5.68E-01

2.30E-01

3.20E-01

4.51 E-01

Molecular Weight
(g/mole)

168

168

166

92

133

133

131

63

106

137

65

51

121

120

97

97

164

134

134

120

120

134
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APPENDIX B

DERIVATION OF TARGET INDOOR AIR CONCENTRATIONS

This Appendix presents the derivation of target indoor air concentrations (TACs) for the volatile
organic compounds (VOCs) listed in the existing Remediation Standard Regulations (RSR)
volatilization criteria, together with TACs for 13 additional VOCs not previously listed. These
additional VOCs though not originally listed, have appeared in groundwater and/or soil gas at
sites in Connecticut. This Appendix includes two tables that list the TACs and the underlying
toxicity values, modifying factors and background considerations. The following is a brief
overview of the risk-based derivation methodology followed by the specific approaches used for
the residential and industrial/commercial scenarios.

General TAG Methodology

TACs are air concentrations within homes or workplaces that are not expected to cause adverse
health effects from chronic exposure. TACs rely upon chemical-specific toxicity values that
describe the VOC's potency in terms of: 1) the reference concentration (RfC) - air concentration
which will be free of risk for non-cancer health effects from chronic exposure; or 2) the unit risk
factor - potency of VOC to produce carcinogenic effects per microgram per cubic meter (ug/m3)
of air chronically inhaled. These toxicity values are typically derived by USEPA from studies in
which laboratory animals were exposed for chronic periods, with the toxic response based upon
continuous exposure (24 hours per day (hr/d), every day of the year). Therefore, these targets
need modification for exposure scenarios in which less than continuous exposure is likely (e.g.,
the industrial/commerical scenario). The TACs are set such that the lifetime cancer risk is at the
de minimis risk level (one in a million or 1E-06) and the hazard index (TAC/RfCm where RfCm is
the RfC modified for the time-weight averaged amount of exposure in the specific scenario) for
non-carcinogens is equal to unity.

While USEPA's Integrated Risk Information System (IRIS) database is the primary source of
toxicology information for TAG development, other toxicology databases are also recognized as
having well documented and widely used toxicity values. These include the Agency for Toxic
Substances and Disease Registry (ATSDR)'s chronic Minimum Risk Levels (MRLs), California
EPA's chronic Reference Exposure Levels (RELs) and USEPA's Health Effects Assessment
Summary Tables (HEAST). In cases where a toxicity value was not available on IRIS, the value
was sought from these other data sources. If still no value could be found, CTDPH conducted
its own chemical-specific risk assessment. In certain cases, USEPA has listed provisional
toxicity values that rely upon the best available science currently available, but these values
may be somewhat more uncertain and are not supported by USEPA to the same extent as
those values on IRIS. CTDPH has examined the basis for these particular values closely and,
in isolated cases, has made adjustments.

A number of VOCs in the TAG list are possible rather than proven animal carcinogens, or, if
proven, their cancer mechanism has uncertain relevance to low dose exposures in humans.
These types of carcinogens were labeled as Group C carcinogens in USEPA's former cancer
guidelines and are considered as Class 3 agents by IARC. Their carcinogenicity database is
either too uncertain or incomplete to allow an extrapolation of risk to low dose human
exposures. Rather than applying the classical low dose linear approach on the one hand, or
ignoring their carcinogenic potential on the other, this derivation lowers the RfC by an
uncertainty factor to account for this potential hazard. This approach is consistent with that
developed by USEPA's Office of Drinking Water to establish Maximum Contaminant Levels



(MCLs). The default cancer uncertainty factor is 10 fold, although 3.33 fold (one half log lower)
was used in cases where the uncertainty already built into the RfC was large (1000 fold or
greater); this reduction in the cancer uncertainty factor was used to keep the overall uncertainty
factor to less than 10,000.

In several cases toxicity values were available for the oral but not inhalation dose route. A dose
route extrapolation to convert from the reference dose (in mg/kg/d) to RfC (ug/m3) was used as
long as the target site was not local to the site of bodily entry, but rather was at a systemic
location (i.e., internal organs or systems).

The following are the general equations for the derivation of TACs. These equations and most
of the parameter value inputs have not changed since the setting of the 1996 RSRs

For carcinogenic effects: TAG = TR x BW x ATr x 365 d/vr x 103ug/mg
Sfi x IRair x E F x ED

For non-carcinogenic effects: TAG = THQ x BW x RfD, x ATn x 365 d/vr x 103ug/mg
IRair x EF x ED

where: ATC = averaging time for carcinogens, years
Use ATC = 70 years

ATn = averaging time for non-carcinogens, years
For residential use ATn = 30 years
For commercial/industrial use ATn = 25 years

BW = adult body weight, kg
Use BW = 70 kg

ED = exposure duration, years
For residential use ED = 30 years
For commercial/industrial use ED = 25 years

EF = exposure frequency, days/years
For residential use EF = 350 days/year
For commercial/industrial use EF = 250 days/year

IRair = daily indoor inhalation rate, m3/day
For residential use IRair = 20 m3/day
For commercial/industrial use IRair = 10 m3/day

TAG = target indoor air concentration, ug/m3-air

RfDj = inhalation chronic reference dose, mg/kg-day
Use numbers from IRIS and/or HEAST and/or other sources.

SF| = inhalation cancer slope factor, kg-day/mg
Use numbers from IRIS and/or HEAST and/or other sources.

THQ = target hazard quotient for individual constituents, dimensionless
Use THQ = 1

TR = target excess individual lifetime cancer risk, dimensionless
UseTR=1 x10'6



Modifications to the Residential Scenario

The exposure assumptions shown in the equations above pertain to adults (70 kg body weight,
20 m3/d inhalation rate). However, young children inhale more air per body weight and
respiratory surface area than do adults (Child-Specific Exposure Factors Handbook, USEPA,
2000; Thurlbeck, 1982). This is an especially important consideration with regards to VOCs that
can cause respiratory irritation and thus have the potential to exacerbate asthma due to the
local dose in the lung. However, it also applies to systemic toxicants. The child/adult dose
differential from inhalation exposure is approximately 2 fold over the first six years of life (e.g., at
1 year of age: 4.5 m3/d inhalation rate for 7.4 kg body weight for an inhalation rate/body weight
ratio that is 2.1 fold larger than the adult assumption). Thus, the systemic and local respiratory
tract dose to young children can be assumed to be approximately 2 fold larger than in adults for
a significant portion of childhood. Since young children may be more generally sensitive to
toxicants (many systems are immature and rapidly developing - Faustman, 2000), the potential
importance of this exposure differential is accentuated. Thus, to be protective of children as
potentially the most highly exposed and sensitive group, the residential TACs are adjusted by a
2 fold factor that corresponds with the greater inhalation exposure rate in children.

Children's increased vulnerability to toxicants has perhaps been best characterized in the area
of carcinogenic risk. Standard cancer bioassays from which most unit risk values are derived,
begin chemical administration when rodents are 4-6 weeks of age. At this age the animals are
sexually mature and growth is not as rapid as in juvenile animals. Thus, this type of cancer
study misses a potentially important vulnerability window. In fact, numerous cancer studies in
which rodents were dosed beginning in early life demonstrate considerably greater potency in
the neonatal period than at older ages (Vesselinovitch, et al., 1979; Toth, 1968; Maltoni, et al.,
1981).

The reason for this greater susceptibility likely stems from the greater time period for expression
of cancer when testing begins earlier in life, and because rapidly dividing tissues are more
sensitive to genotoxicants (Laib, et al., 1985, Anderson, 2000). These issues have recently
been summarized in a publication by CTDPH (Ginsberg, 2003) and by USEPA in their draft
revisions to the cancer risk assessment guidelines (USEPA, 2003). The case of vinyl chloride
sensitivity in early life stages has been evaluated closely by USEPA to support their recent
revision to the vinyl chloride IRIS file (USEPA, 2000). That assessment showed that brief
exposures in early life produced a cancer response later in life that was roughly equivalent to
what would be seen from an adult-only (lifetime) exposure. On that basis, the IRIS file
recommends that the unit risk factor for vinyl chloride derived for adults be doubled if there will
be long-term exposure that will include children. Analysis of other juvenile animal bioassays
indicates that this also appears to be true for a wide variety of chemicals, particularly those with
a genotoxic mode of action (Ginsberg, 2003; USEPA, 2003). For this reason, the revised TACs
for genotoxic carcinogens have an adjustment factor (2 fold lowering of TAG) to account for the
greater sensitivity of early life stages (Ginsberg, 2003; USEPA, 2003).

In summary, the residential scenario includes a 2 fold adjustment factor for children's increased
inhalation exposure rate relative to adults, and a 2 fold adjustment factor for children's increased
sensitivity when exposed to genotoxic carcinogens. In this latter case, the combined children's
adjustment factor is 4 fold. This approach is consistent with USEPA's IRIS file for vinyl chloride
and draft Cancer Risk Assessment Guidelines. The Table B1 shows the use of these factors in
deriving TACs.



Industrial/Commercial TAG Calculations

The industrial/commercial scenario is simpler than the residential scenario in that it only involves
adults. The exposure parameters shown above for this scenario indicate that relative to the
assumptions that go into RfCs and cancer unit risk values, workers will be exposed to less
inhaled contaminant due to fewer hours/day of exposure (8 instead of 24 hr), fewer days per
year of exposure (250 instead of 365), and fewer total years of exposure (25 instead of 70).
The shorter hours per day of worker exposure is partially compensated for by the higher
breathing rate workers may have compared to the general public. This leads to the assumption
that 50% of the day's inhalation volume occurs while at work. In setting TACs for the workplace
it is appropriate to increase the RfC by a factor of 2 for inhalation rate (20m3/d vs. 10 m3/d) and
by a factor of 1.46 for exposure days per year (365 vs. 250). This yields a combined workplace
adjustment factor for RfCs of 2.92 (i.e., the workplace TAG can be 2.92 fold higher than the
RfC). For carcinogens, the cumulative number of years is also part of the exposure calculation
and so the 70/25 yr factor (2.8) is multiplied by 2.92 to yield a combined 8.176 adjustment
factor. This factor is multiplied by the air concentration associated with de minimis risk for the
general public to yield the air concentration corresponding to de minimus risk for workers.
These exposure factors are in the Table B2 to show their use in deriving TACs for this scenario.

Ceiling TAG

The Tables B1 and B2 list a number of VOCs whose risk-based TAG is relatively high, a value
that would allow gross contamination of indoor air. In these cases a ceiling value of 500 ug/m3

is used. The ceiling value is based upon datasets showing that individual VOC concentrations
in buildings tend to average less than 500 ug/m3 across a broad array of building types and
indoor air contaminants (Brown, etal., Indoor Air 4: 123-134, 1994). The 98th percentile value
for these indoor air contaminants was highly variable but most values were between 50 and
1000 ug/m3, indicating that a level of 500 ug/m3 represents an upper bound concentration that
stems from an unusual contamination source. Such high concentrations may contribute to
decreases in air quality that are noticeable to building inhabitants (Otto, et al., 1990). Therefore,
this ceiling value is a prudent default value that can be replaced when more specific information
becomes available (e.g., odor threshold data), as indicated for several VOCs in this derivation.

Indoor Air Background Concentrations

Since 1996, there has been an increased focus around the United States on measuring indoor
air quality in impacted and non-impacted (or "background") homes, offices, schools and other
environments. This had led to an enhanced database for background indoor air data (Foster, et
al., 2002; Kurtz and Folkes, 2002; NYSDOH, 1997; Clayton, et al., 1999; Shields, et al., 1996;
Girman, et al. report of USEPA/BASE Study, 1999). These datasets, along with the pre-
existing indoor air datasets (Stolwick, 1990; Vermont DOH, 1992; Brown, et al., 1994; Daisey, et
al., 1994; Sheldon, et al., 1992; Shah and Singh, 1988) have been reviewed while giving
particular attention to those VOCs (typically carcinogens) with risk-based TACs that are in the
range where they may approach or are below what can be considered background. VOC indoor
air measurements are typically lognormally distributed; therefore, the central tendency
background concentration (the median) was chosen to represent background. While higher
concentrations may be found in certain background locations, the central tendency was used
because of the way it would be applied: 1) to replace a risk-based TAG such that the
background concentration would already be above a risk target; and 2) to back-calculate the
allowable contribution from subsurface VOC contamination, such that the amount that is from



background sources plus the amount allowed from subsurface sources would still be within the
range of the background data distribution.

VOC background concentrations and how they are used in the derivation of TACs are shown
chemical-by-chemical in Tables B1 and B2.
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ĈO
•c
1_
0
o
c
8

x— *v

C
0

E
03

_C

^^CO

E
'c
E
0

X3

C
o
Q.
13

x>
0
CO
03
J3
CO
0

2
Tt

ril
y 

la
rg

e
 u

nc
er

ta
in

ty
 fa

ct
or

s 
w

hi
ch

 d
riv

e
 v

er
y 

lo
w

 R
fC

.
ec

es
a

c
c
r>
0
03
.C

CD
r̂

«>

LO
crT

XJ
c
03

4
CN

42
y*t
a:
"ro
c

E
P

A
 p

ro
vi

si
o

in

is
op

ro
py

lb
en

ze
ne

 w
ith

 e
vi

de
nc

e
 n

eu
ro

to
xi

ci
ty

 a
s 

ke
y

+-»

>
>,
D)
O
03
C
03
C
O
o
— ̂̂

•D
0
CO
03 •

_Q ^>

CD
cQ-
r^ C

l|
CO i=
0 -^
CO ??
CO ^
«» 0
V 4-1

w S•c Q.
0) A
C X
0 00
— l_

4-
ls

op
ro

py
lto

id
p
o
in

t 
(4

-I
P

"

CD 0

; r
el

at
iv

el
y 

hi
gh

 a
nd

 u
nl

ik
el

y 
to

 b
e 

in
 r

an
ge

 o
f 

ba
ck

gr
ou

nd

_co

O
i<i
XJ0
CO
03

_Q

ji
CO
L_

0
o
c

'co
-1— »
_c
0)
ZJ
o
CO
1 •

o

nt
ra

tio
n 

n

I
R

B
ac

kg
ro

un
d
 i

s.



CM
CQ

re

0
D)
ro

re

§
(0
"re

o
o

(A
3
•o
C

(A
O

(A

2-u
0)
O
c
o
O

<
I)
re

H

•o

E
O)

o
re

CO

a>

^
12

N

12
o
re
u.
O>
_c

o

'"b)
3

"re

'o
'x
o

o
O
^

CO

o
1

CO

.E

3

O
0
in

|

CO1
CN
CM
0

d

u.
0

1
toto
_0

CN

•o
CD
r
0
c
oo
TjT
C3)^_

6>*E

T- 3

d o
"—•in
QG

CO (2

A
ce

to
ne

*̂*

CO

I5
CO

co

CO

E

3

in
CM
co

CO

.E

3

CD
d

d
x
0

1
i
to

CD
f-

00

CO

E
"CT

co
LJJ
CO

2-
to

'c

CO
a:

B
en

ze
ne

CO

E

1"
CO

0
.0
ro

1ro
o

CO

E

3

s

d

1

i
.0
5
oo

CO

E
O

CO
LLJ

to

"c

CO

E

B
ro

m
of

oi

CO

o
1

CO

o
0
in

*\

CO

1
0
O
0)
CM

d
X
0
0

1
to
to
_0
CM
O)
CM

CO

)̂

O
O
O

cE
CO

LU

0
C
o
ro•*-•

CQ
fvj
^ N

CO

3

O

CO

O)

lO

d

CO

d

d
x
0
0
L_

O

.0
CO
^-

00

CO

"̂en
.3

in
LJJ
in

to

"c
3

CO

0

_o
O

J3
0

o
-B
0

CO

3
O
0
CN

N.,

CO

3
O
0
CN

d
X
0
0

b

_0

CM

CO

^^)

D)"—

CN Ct

Is

K. 0
CO JS
0£ O
— O

0
0
N

0
.a
2o
.c

CO

O)

m
d

CO

3

in
d

CO

E

3

%
d

d
OJ

QJ

^i
toto

_0
CD
S.

cd

CO

E
)̂

3

In
LLJ
CO

*L7

"c
3

CO
cc

E

D
hl

or
of

oi

* f̂

CO

F
3

O

-,

CO

1
0

d
x
0
0

1
to
tn
_0
CM
O)
CM

CO

.E

3
O

cE
CO

i

0

en
ze

n

JDo
_g
0
b
CN

CO

3

O

K,

CO

3

O

d
x
0
0

b

Q>

CN

CQ
O
Q
CN

O)
O
roc

0

en
ze

n

_a
o

_o
o
b
co

CO

3

Si

CO

D

<N

CO

1
co

d
x
0

1

i
to

CD

CO

I

LJJ
CO

- —
to

'c

P
ro

vi
si

on
a

g/
m

3)

< 3
Q_ CD
LJJ 0

0

en
ze

n

JD
0

2
o
b
4

CO

F
3

O
CO

K,

CO

0
co

d

^ ®
i- 0

ro 5
O to

m. CN
co a>

CN

CO

E
•D)
3

0
o>

Lt

f

\-
co
LJJ
X

0
C
ro

0
o
o

o
b

1

"E
3

T—
CO
d

CO

3

q
d

CO

3

T—
co
d

d
x
0
0
u_

i

_0

s
CC-

co

E

)̂3

in
LJJ
CD
CM,

to

•t— •
"c
3

CO

9£

0
ro

JZ

0
o

_o
o
b
CM

CO

1)
O
CM

CO1
m
V

CO

E

0
CM

LL

i_

0
x
o

Q:
CO
h^
"̂

^~jS

3

O _,
,̂co

LJJ O)

^ C3
^^ oo

LLJ _l

ol

0
c

_0

•t-i
0
o

_0

o
b

CO

3

CM

d

0
-Q

'ro
ro
•5

CO

I
CM

d

d
X
0

0

b
toto
_0

CD
N-

00

^N1
a>
Q_ ^_^

Qc*5

"-i

°S

pr
ov

is
io

na
•is

k(
1.

9E
-0

<C I--
LJJ §

0

ro
Q.

2
Q.
O

^
O
b
CM

CO

E

3
CD
CN

0
.D
_ro
'ro
ro

4-1

O

CO

.E
3

O>
CM

d
X
0

1
i
toto
_0
co

co

CO

D̂)

.9
E

-6
/U

CM,

to

-*_j
"c

CO

0

0
Q.

2
Q.
O
o

o
b
co

CO

"o>

O
CD
CM

CO

1
O

V

CO

3

O
O)
CM

d
. .. x
LL ®

?!o ̂ ~~o o

O
03 to

to
x Q>

*~ CD
CM

CO

^53

O
O
0

I
CO
a;

0
c

N
C
0
.Q

-*-•

CO

jE
D)

co
CO
o
d>

0
&
JD
"ro
ro
o

3
oo
co
q
d

d

0
if
i
1
CD
h-

CO

CD

LJJ
CM

to

"c
3

CO

a;

0

o

"O
0

Ji
£
iTiLLJ



(M
CO

re

CN

0
O)

re
<i)u
(0
15

0)

o
Sre
V)

•o

VI
O

V)

2+j
ouc
o
O

<
I)
re

0

K

3
Oi_
y
ure

CO

a)
w-*

IE

<N

eo
o
u.
O)
c
£,

o

T-

0)

"re

'o
'x

O
O

HT?
o O

r̂a|

o *'
C33

i
i

CO

3

co
f-
co

Q.
Xu_ 0

"2 Q>
O ^~

CD

X .0

°S
CN

CO

E
3

O
O
o
co,

CO

a:

l_
0

.0

0

CO

E

3

O
O
CN

*""" |

1

COI
0
o
CN

Q.

0

1

i
CO

£

8
CNJ

CO

E
3
O

CJ
£

<,
co
<
LJJ
I

0

O0
V

"3
JD
0
CO

-C

0

CO

JE

3

CO

.E
3

CO

CO

j|
3

I--

Q.
X
0

0

O

CO

_0
CD
C-

cd

^_

4.
7E

-0
7/

ug
/m

3

CO

'E
3

co
tr

0

M
et

hy
le

ne
 c

hl
or

CO

3

O

CN

^

CO

0
O)
CM

Q.
X

u_ 0
-1

O OT

x ^>

^~ O5

CN

CO

3

O
O
O

a:
CO

^

0

CO

CO

.E

T~~.

_0
J3
CO

'ro>
ro
o

CO

"5)

Q.
X
0

0

O

CO

_0

£2
co

^_^
CO
0)

CO
CD

LLJ
co

CO

'E

CO
tr

0

1,
1,

1,
2-

T
et

ra
ch

lo
ro

et
ha

3

5

0
-Q
ro

"ro>,
ro
«

I
CD

Q.
X
0

1
O

.0

s
co

fO~

E
0)

CD

LJJ

CO

"E

CO

0
c

1,
1,

2,
2-

T
et

ra
ch

lo
ro

et
ha

CO

3

LO

CO

"*--

3

LO

co

3

CL
X
0

0

O

CO

®
CO

CO

It
< O

O 52.

0
0

T
et

ra
ch

lo
ro

et
hy

l
(P

E
R

C
)

CO

o
1

CO

3

o
o
LO

^ 1
1

CO

3

LO
CO

Q.

1

i
CO
CO.0.

CN
O)
CN

CO

3

O
0

oE
CO

T
ol

ue
ne

CO

o
CO

3

0
o
LO

f
1
-.

1
1
1

CO

0
O
0)
CNI

ci

1
i
CO

.0

s
CN

CO

I5
0
0
O

_J
LLJ
CH

£
LJJ

ro
0

0c
ro
.c

1,
1,

1-
T

ric
hl

or
oe

CO

3

CN

CO

)̂

^
co
o
CD

CO

I5

co
CN

ci
\k 0

an
ce

r L
w

or
ke

r

° (0

m. CN
CO O5

CN

2

0

C.
o

eS
01 B)
w =
E?

0
c
ro

1,
1,

2-
T

ric
hl

or
oe

co

-

CO

E
3

^~

CO

"ra

§
CD

Q.

1

i
CO
{ft

0
co
h-

cd

LJJ

CO
*L_

'E
3

"ro

S
 p

ro
vi

si
on

rug
/m

3)

ss

0

T
ric

hl
or

oe
th

yl
en

CO

3

CT>

CO

_E
3

,—

0
o

CO

3̂
O)

Q.

0
if

i
CO

y>

S

co

2
3

8
Q.
X
0

"5

ro

o ̂ -,
"•-co

^ -i•c ra
*- ^

i;S

0
T3
*L_
O
.c
o

c

CO

O

CO

D
0
O
m

'"" i
•

CO

1
i
CN

Q.

1

i
CO
CO_0

CN
C35
CN

CO

E
3

O
co

_̂i
a:
2
CH
Q
CO

*

CO
0
a>

x"

CO

o
CO1

0)

o
o
LO

r̂ .

1

CO

E
3

CN

Q.
X
0

0

1
CO
CO
_0
CN
en
oi

,fC
 (

70
0

 u
g/

m
3;

^

co

X

0
c
ro

0

T
ric

hl
or

of
lu

or
or

r



co
0
D)
CO
Q.

(0
C
0>
U
(0

"re
'E

CD

O
o
T

CM
00

re

(A
O

(A
C
O

'•{3
(0
+••

0)
U
c
o
o

0)
E>
ro

O

^
"~

TO

Ol_
O)

o
CO

CO

•o
<D

f
N

£
5o
(0
U.

O)
_c

.̂ *•SIw
Q

'"fl)
3
CO

'o

o

o
g

CO

o
1

CO

•g^
3

0
o
LO

h-

1
1

CO

3

O
CN
O>
CN

ci

il" ®
-* 0

8 b

p 8
X CD

? CN
O}
CN

^
CO
C
t

"ro

oo
o
o~

CO

or
oe

th
an

e

.c
o

CO

• —

3

O
00

0
JD
_ro
'ro
>
ro
•g
Z

CO

3

O
oo

ci

^ ®
<- 0

§1
ro 5

x S
co .32
« CN
co O3

CM

CO

0)
3

0
O3

i
CO
a;

or
om

et
ha

ne

6

CO

o
1

CO

^
o
o
LO

^ !

i

CO

3
T—

LO

ci
X0

b
U)

_0

CN
O5

CN

CO

•gj

3

LO

CO

LU
I

0

ro
.»_«

hl
or

od
ifl

uo
ro

m
e

o
b

b
•2-32
o O

-E CO

o +*
CN

ii

CO

O)

00
co
T—

ci
X
0

1

w_0
CN
O3
CN

IR
IS

 R
fC

 (
38

5 
ug

/m
3;

D
ro

py
lb

en
ze

ne
ne

ne
)

8Ji

CO

F
O)
3
O
0

0
.0
_ro
'ro
ro
"o
Z

CO

3
CN
O

ci
X0

1i
_0
CN

CM

!
LU LO

0
C
0

1 
,2

-D
ic

hl
or

oe
th

03
'o

CO

F
O)
3
O
0
CN

^ i
i

co

3

S
CN

ci

1o
w
in
_0
CM

CN

CO

~O3
3

0

1
Q
en
CO
r±

0
ro

^— »

is
-1

 ,2
-D

ic
hl

or
oe

i_
2

CO

E
O)
3

co

ci

_0
f-)

_ro
'ro>
ro
0
Z

CO

3
CO

o'

ci
X
0

2

CO
£;
00

'c

^
o

ro

CO oq

0c
m

m
od

ic
hl

or
om

et
l'

o
m

CO

F
D)
3
o

*""" 1
1

CO

^
o

ci
X
0
0

|

OT
y>

CN
O3
CN

P.
S
/*>

§
ro
.0 ^^
O3co

It
Q. 3

**• °
UJ C.

ut
yl

be
nz

en
e

GO
c

CO

F
O)
D
o

'**" 1
1

CO

E
3
0

Q.
X
0

1

i
_0

CN
C33
CN

tt
/K

Q
a:
"ro

.0 ^
'O3co~"

'> E

2 D)
Q. 3

^ O

UJ C

-B
ut

yl
be

nz
en

e

o
0
03

CO

3

CN
LO

0
o

_ro
'ro
ro

•4-1

O
z

CO

E
1
CN
LO

ci

co||

2i
P «

Q}

CN
O>
CM

E
P

A
 P

ro
vi

si
on

al
 R

fC
(6

 u
g/

m
3)

0
c
0
M

4-
T

rim
et

hy
lb

en
:

CN

CO

"™
3

CN
LO

0
JD
_ro
'ro
ro
0
Z

CO

.E
3

CM
LO

ci

^

9 w

CN
CD
CM

E
P

A
 P

ro
vi

si
on

al
 R

fC
(6

 u
g/

m
3)

0
c
0
N

5-
T

rim
et

hy
lb

en
;

CO

«
JE
~O3
3

O

co

^ |
i

CO

3
0

CO

ci
X0

1i
03
O3
_0

CN
O3

CN

TJ
0

^

D
P

H
 r

is
k 

as
se

ss
m

en
R

fC
 o

f 
13

3 
ug

/m
3

op
ro

py
lto

lu
en

e

•4



0)
.a
re
h-
O

£
TO
'o
L.
Q)

E
o

st
ri
a
l/C

3
T3
_C

^^

O

;o
o
tn

o
te

s 
1

u_

C
al

E
P

A
 c

hr
on

ic
 R

E
Ls

 o
r 

A
T

S
D

R
 c

hr
on

ic
 M

R
Ls

; 
E

P
A

 p
ro

vi
si

on
al

 v
al

ue
s

do
cu

m
en

te
d 

or
 s

up
po

rt
ed

; 
H

E
A

S
T

 "
A

" 
re

fe
rs

 t
o 

va
lu

es
 f

ro
m

 A
lte

rn
at

iv
e

co
nd

uc
te

d 
w

he
n 

no
 i

nh
al

at
io

n 
to

x 
va

lu
e 

av
ai

la
bl

e 
an

d 
or

al
 t

ox
ic

ity
 is

 to

i_"
CO
<
HI
I
CO

al

1
CO
CD
13

CO

CO

2o
z
CD
13
CO

X£
T—

" C>^ o
5^
o R
C CO
-^J i
2 ^<JD CD

>> CD

= 1S)2
CO CD
/IN WCD o
£ Q
>, .
-° h-
-o co
CD <
>UJ
0)31

~° .E
Q) *-•
CD %

JD >

o^> .a
CO CO

-C I—

to
CD+1
'to
O

E
CD
^-t
CO
>,to

tio
ns

 f
or

 n
on

-c
an

ce
r 

ef
fe

ct
s:

 2
50

d/
ye

ar
 a

nd
 1

0m
3 in

ha
le

d 
pe

r 
da

y 
le

ad
s 

to
le

d 
fo

r 
R

fC
 -

 g
en

er
al

 p
ub

lic
. 

F
o
r 

ca
rc

in
og

en
ic

 e
ffe

ct
s,

 t
hi

s 
fa

ct
or

 is

CL F

jr
e

 a
ss

um
th

an
 a

ss
u

CO 0

o ^x" wg o

0 ^v 0

|.l
S *^
"̂  CO
CO 13
o E
S 3CO
LL to
_ CO
O) 0

11
° CN
2 CO

IN c\i

0
'•&
CO
D
E
3o

I
T3

£
CD
N-

00

1

5o
c
CO

5
0)
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ô
CO

'o
c

nt
ra

tio
n

co
nc

e

TJ

B
ac

kg
ro

un

r-.



Appendix C

Comparison to
1996 Volatilization Criteria



Table C1

Comparison of Target Indoor Air Concentrations

Compound

Acetone

Acrylonitrile

Benzene

Bromoform

2-Butanone (MEK)

Carbon tetrachloride

Chlorobenzene

Chloroform

Dibromochloromethane

1 ,2-Dichlorobenzene

1 ,3-Dichlorobenzene

1 ,4-Dichlorobenzene

1,1-Dichloroethane

1,2-Dichloroethane

1,1-Dichloroethylene

cis-1 ,2-Dichlroethylene

trans-1 ,2-Dichloroethylene

1 ,2-Dichloropropane

1 ,3-Dichloropropene

Ethyl benzene

Ethylene dibromide (EDB)

Methyl-tert-butyl-ether

Methyl isobutyl ketone

Methylene chloride

Styrene

CAS
Number

67641

107131

71432

75252

78933

56235

108907

67663

124481

95501

541731

106467

75343

107062

75354

156592

156605

78875

542756

100414

106934

1634044

108101

75092

100425

Residential
TAG

(ug/m3)

T180

NA

^3.3(2)

T0.55

T500(1)

Y0.5<2)

A 37

T0.5(2)

NA

T73

V73

T24(2)

V77

T0.07

A10

See New Criteria
below

See New Criteria
below

fr-0.13

A0.21

T53

T0.0028

T160

T37

T3(2)

A 52

1995 Residential
TAG

(ug/m3)

834

NA

3.25(2)

2.21

1040

1<21

20.9

3<2)

NA

209

209

834

521

0.0936

0.0487

NA

NA

0.128

0.0658

1040

0.0111

521

83.4

45(2)

5(2)

Ind/Com
TAG

(ug/m3)

T500(1!

NA

T3.3(2)

A7.3

T500(1)

T0.54

A 200

T0.5(2)

NA

A410

A410

T24'2'

T430

A0.31

A 20

See New Criteria
below

See New Criteria
below

A 0.42

A2.9

T290

A 0.038

T190(3)

A 200

T17

A 290

1995 Ind/Com
TAG
(ug/m3)

1170

NA

21.5(2)

3.72

1460

1<2)

29.2

3P)

NA

292

292

1170

730

0.157

0.0818

NA

NA

0.215

0.11

1460

0.0186

730

117

45(2)

7.17



Table C1
(Continued)

Comparison of Target Indoor Air Concentrations

Compound

1,1 ,1 ,2-Tetrachloroethane

1,1 ,2,2-Tetrachloroethane

Tetrachloroethylene

Toluene

1,1,1 Trichloroethane

1,1 ,2-Trichloroethane

Trichloroethylene

Vinyl chloride

Xylenes

ew Criteria

Trichlorofluoromethane

Chloroethane

Chloromethane

Dichlorodiflouromethane

Isopropylbenzene (Cumene)

cis-1 ,2-dichloroethene

trans-1 ,2-dichloroethene

Bromodichloromethane

N-butylbenzene

Sec-butylbenzene

1 ,2,4-trimethylbenzene

1 ,3,5-trimethylbenzene

4-isopropyltoluene (4-cymene)

CAS
Number

630206

79345

127184

108883

71556

79005

79016

75014

1330207

75694

75003

74873

75718

98828

156592

156605

75274

104518

135988

95636

108678

99876

Residential
TAG

(ug/m3)

T 0.082

T0.011

T5(2)

T210

T500

T2.2

V1(2)

A0.14

T220

370

500(1)

14

91

120(3)

18

37

0.034

73

73

9.3

9.3

67

1996 Residential
TAG

(ug/m3)

0.329

0.042

11(2)

417

1040

30(2)

5(2)

0.029

313

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Ind/Com
TAG

(ug/m3)

A1.1

A0.14

T5(2)

T500(1)

T500(1)

¥12

T1(2)

A1.9

A500(1)

500(1)

500(1)

80

500(1)

120(3)

100

200

0.46

410

410

52

52

370

1996 Ind/Com
TAG

(ug/m3)

0.552

0.0705

11(2)

584

1460

30<2'

5(2>

0.0487

438

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
(1) Based on a ceiling value. (2) Based on a background concentration. (3) Based on an odor threshold

concentration. ATAC increased. T TAG decreased. >• TAG stayed the same.



Table C2

Comparison of Ground Water Volatilization Criteria

Compound

Acetone

Acrylonitrile

Benzene

Bromoform

2-Butanone (MEK)

Carbon tetrachloride

Chlorobenzene

Chloroform

pibromochloromethane

1 ,2-Dichlorobenzene

1,3-Dichlorobenzene

1 ,4-Dichlorobenzene

1,1-Dichloroethane

1,2-Dichloroethane

1,1-Dichloroethylene

cis-1 ,2-Dichlroethylene

trans-1 ,2-Dichloroethylene

1,2-Dichloropropane

1,3-Dichloropropene

Ethyl benzene

Ethylene dibromide (EDB)

Methyl-tert-butyl-ether

Methyl isobutyl ketone

Methylene chloride

Styrene

CAS
Number

67641

107131

71432

75252

78933

56235

108907

67663

124481

95501

541731

106467

75343

107062

75354

156592

156605

78875

542756

100414

106934

1634044

108101

75092

100425

Residential
GWVC
(ug/L)

* 50000

NA

T130

T75

^50000

T5.3

M800

T26

NA

T5100

T4300

T1400

T3000

T6.5

A190

See New Criteria
below

See New Criteria
below

T7.4

A11

T2700

T0.3

T21000

T 13000

T160

A 31 00

1996 Residential
GWVC
(ug/L)

50000

NA

215

920

50000

16

1800

287

NA

30500

24200

50000

34600

21

1

NA

NA

14

6

50000

4

50000

50000

4512

580

Ind/Com
GWVC
(ug/L)

* 50000

NA

T310

T2300

*> 50000

T14

A 23000

T62

NA

^50000

>> 50000

T3400

T41000

T68

A 920

See New Criteria
below

See New Criteria
below

*>58

A 360

V 36000

T11

^50000

* 50000

T2200

A 42000

1996 Ind/Com
GWVC
(ug/L)

50000

NA

3491

3800

50000

40

6150

710

NA

50000

50000

50000

50000

90

6

NA

NA

60

25

50000

16

50000

50000

11117

2065



Table C2
(Continued)

Comparison of Ground Water Volatilization Criteria

Compound

1 ,1 ,1 ,2-Tetrachloroethane

1 ,1 ,2,2-Tetrachloroethane

fetrachloroethylene

Toluene

1,1,1 -Trichloroethane

1 , 1 ,2-Trichloroethane

Trichloroethylene

Vinyl chloride

Xylenes

New Criteria
I
Trichlorofluoromethane

Chloroethane

Chloromethane

Dichlorodiflouromethane

Isopropylbenzene (Cumene)

Cis-1 ,2-dichloroethene

trans- 1 ,2-dichloroethene

Bromodichloromethane

NJ-butylbenzene

Sec-butylbenzene

1 ,2,4-trimethylbenzene

1 ,3,5-trimethylbenzene

4-isopropyltoluene (4-cymene)

CAS
Number

630206

79345

127184

108883

71556

79005

79016

75014

1330207

75694

75003

74873

75718

98828

156592

156605

75274

104518

135988

95636

108678

99876

Residential
GWVC
(ug/L)

T2

T1.8

T340

V7100

V6500

T220

T27

M.6

T8700

1300

12000

390

93

2800

830

1000

2.3

1500

1500

360

280

1600

1996 Residential
GWVC
(ug/L)

12

23

1500

23500

20400

8000

219

2

21300

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Ind/Com
GWVC
(ug/L)

A 64

V54

T810

T41000

V 16000

T2900

T67

A 52

T48000

4200

29000

5500

1200

6800

11000

13000

73

21000

20000

4800

3900

22000

1996 Ind/Com
GWVC
(ug/L)

50

100

3820

50000

50000

19600

540

2

50000

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

A GWVC increased. V GWVC decreased. >• GWVC stayed the same.



Table C3

Comparison of Soil Vapor Volatilization Criteria

Compound

Acetone

Acrylonitrile

Benzene

3romoform

2-Butanone (MEK)

Carbon tetrachloride

Chlorobenzene

Chloroform

pibromochloromethane

1 ,2-Dichlorobenzene

1 ,3-Dichlorobenzene

1 ,4-Dichlorobenzene

1,1-Dichloroethane

1 ,2-Dichloroethane

1,1-Dichloroethylene

cis-1 ,2-Dichlroethylene

trans-1 ,2-Dichloroethylene

1 ,2-Dichloropropane

1,3-Dichloropropene

Ethyl benzene

Ethylene dibromide (EDB)

Methyl-tert-butyl-ether

Methyl isobutyl ketone

Methylene chloride

Styrene

CAS
Number

67641

107131

71432

75252

78933

56235

108907

67663

124481

95501

541731

106467

75343

107062

75354

156592

156605

78875

542756

100414

106934

1634044

108101

75092

100425

Residential
SWC
(ppm)

T57

NA

T0.78

T0.04

T130

T0.06

T6.1

T 0.078

NA

T9.2

T9.2

T3

T14

T0.013

A 1.9

See New Criteria
below

See New Criteria
below

T0.021

T0.035

T9.3

T0.0005

T34

T6.8

V0.65

A9.3

1996 Residential
SWC
(ppm)

2400

NA

1

1.5

2400

1

31

4.5

NA

240

240

950

850

1

1

NA

NA

1

1

1650

1

1000

140

89

8

Ind/Com
SWC
(ppm)

T290

NA

T1.4

T0.98

V230

T0.12

T60

T0.14

NA

T95

V95

T5.5

T150

T0.11

A7

See New Criteria
below

See New Criteria
below

T0.13

T0.89

T93

T0.007

T73

T68

T6.8

A 95

1996 Ind/Com
SWC
(ppm)

8250

NA

113

6

8285

2.7

106

10.4

NA

818

818

3270

3037

1

1

NA

NA

1

1

5672

1

3415

480

218

28



Table C3
(Continued)

Comparison of Soil Vapor Volatilization Criteria

Compound

1 ,1 ,1 ,2-Tetrachloroethane

1 ,1 ,2,2-Tetrachloroethane

fetrachloroethylene

Toluene

1,1,1 Trichloroethane

1 , 1 ,2-Trichloroethane

Trichloroethylene

Vinyl chloride

Xylenes

|New Criteria
I
rrichlorofluoromethane

Chloroethane

Chloromethane

Dichlorodiflouromethane

Isopropylbenzene (Cumene)

Cis-1 ,2-dichloroethene

trans-1 ,2-dichloroethene

Bromodichloromethane

N-butylbenzene

Sec-butylbenzene

1 ,2,4-trimethylbenzene

1 ,3,5-trimethylbenzene

4-isopropyltoluene (4-cymene)

CAS
Number

630206

79345

127184

108883

71556

79005

79016

75014

1330207

75694

75003

74873

75718

98828

156592

156605

75274

104518

135988

95636

108678

99876

Residential
SWC
(ppm)

T 0.009

T0.0012

T0.56

T42

T70

T0.31

TO. 14

T 0.041

T38

50

140

5.1

14

19

3.4

7.1

0.0038

10

10

1.4

1.4

9.3

1996 Residential
SWC
(ppm)

1

1

11

760

1310

40

7

1

500

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Ind/Com
SWC
(ppm)

T0.22

T 0.028

T1

T180

V130

T3.1

T0.26

M

T160

120

260

53

140

34

35

70

0.095

100

100

15

15

94

1996 Ind/Com
SWC
(ppm)

1.5

1

27

2615

4520

93

16

1

1702

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

AS WC increased. T SVVC decreased. *• SWC stayed the same.


